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(S) Data conversion method and recording/reproducing apparatus using the same. 

(57) A data conversion method, wherein a sequ- 
ence of first r-bit datawords is divided into 
groups of x bits where x is the least common 
multiple of r and m, an arbitrary first dataword 
selected from x/r groups of first datawords is 
divided Into x/m, an m-brt second dataword is 
formed by appending r/(x/m)-bit data, obtained 
by dividing the first dataword into x/m. to the 
LSB or MSB side of one or other of the non- 
divided first datawords, and the word-converted 
m-bit second dataword is converted to an n-bit 
codeword (m < n). 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a data conver- 5 
sion method for converting digital data to signals suit- 
able for the recording system or' the transmission 
channel used when recording or transmitting the dig- 
ital data onto magnetic tape, and a recording/repro- 
ducing apparatus employing the data conversion 10 
method. 

Description of Related Art 

Prior art data conversion methods employed in 15 
magnetic recording/reproducing apparatus include, 
for example, an 8/10 modulation method such as dis- 
closed in THE DAT CONFERENCE STANDARD" (is- 
sued June 1987). The 8/10 modulation method is a 
data conversion method in which digital data are par- 20 
titioned into datawords of 8 bits each for conversion 
Into 10-bit codewords. Fig. 1 is a circuit block diagram 
for explaining this data conversion method, and Fig. 
2 is a data conversion table used for the same. In Fig. 
1 , the reference numeral 1 designates an encoder for 25 
accepting eight-bit digital data and a one-bit table se- 
lect signal (Q') at its respective inputs and for output- 
ting a total of 1 1 bits. i.e. a 1 0-bit codeword plus a one- 
bit signal (Q) for selecting the table for the next code- 
word. Further, the numeral 2 denotes a flip-flop for 30 
delaying the codeword table select signal by one da- 
taword. The encoder 1 includes a read-only memory 
(ROM) or the like which contains the data conversion 
table shown in Fig. 2, wherein codewords of CDS (Co- 
deword Digital Sum) = 0 are mapped on a one-to-one 35 
basis to 256 datawords from "00" to "FF" of hexade- 
cimal numeral, while in the case of code words of CDS 
* 0, pairs of codewords, one with CDS = +2 and the 
other with CDS = -2, are each mapped to one data- 
word, the table of Q* = -1 consisting of codewords of 40 
CDS = +2 and the table of Q' = +1 consisting of co- 
dewords of CDS = -2. The table select signal (Q) is 
used to select the CDS (the table) having the direc- 
tion that suppresses the dispersion of charges in the 
codeword sequence. 45 

The operation of the above circuit will now be ex- 
plained with reference to the timing diagram of Fig. 3. 
In Fig. 3, the reference signs (a), (Q), and (b) corre- 
spond to inputs/outputs at the respective parts shown 
in Fig. 1, and the reference signs (c) and (d) respec- 50 
tively represent an output signal from an NR2I con- 
verter (not shown) and a DSV (Digital Sum Variation) 
value at the end of codeword. 

First, an eight-bit dataword "FF" is input to the en- 
coder 1, along with the table select signal (Q*) = -1, 55 
and consequently, the encoder 1 outputs a 10-bit co- 
deword "1111101010" of CDS = +2 corresponding to 
"FF" for Q' = -1 . At the same time, the table select sig- 
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nal Q = -1 is output for the next codeword. The parallel 
10-bit signal is then converted to a serial signal, after 
which the signal is NRZI-modulated. As a result, the 
DSV value at the end of the codeword becomes +2. 

Next, when "00" is input to the encoder 1 , the en- 
coder 1 outputs Q = 1 together with a 10-bit signal 
"0101010101" of CDS = 0 corresponding to "00" for 
Q* = -1 which is produced by introducing a one-sym- 
bol delay in the previous output Q = -1 . As a result, the 
DSV value at the end of the codeword after NRZI 
modulation remains at +2. 

Next, when "11" is input to the encoder 1, the en- 
coder 1 outputs Q = -1 together with a 10-bit signal 
of CDS = -2 corresponding to "11" for Q' = 1 . As a re- 
sult, the DSV value at the end of the codeword after 
NRZI modulation becomes zero. In this manner, for 
each eight-bit dataword input to the encoder 1, a co- 
deword to be output is selected from the table of eith- 
er Q* = -1 or Q' = 1 corresponding to the dataword on 
the basis of the table select signal output previously. 
The DSV at the end of each codeword after NRZI 
modulation can only take the value 0, +2 or -2. This 
means that the DSV dispersion is suppressed, as a 
result of which DC-free data conversion is realized. 

As described above, according to the prior art 
data conversion method, eight-bit data is converted 
to a 10-bit codeword of CDS = 0 or CDS = +2 or -2, 
and a DC-free signal is produced with the DSV dis- 
persion suppressed, thereby minimizing intersymbol 
interference on the transmission channel and thus in- 
creasing the recording density per track. However, for 
recent digital magnetic recording/reproducing appa- 
ratus using a rotary head, a recording density as high 
as several square micrometers per bit is demanded, 
which necessitates not only increasing the recording 
density per track but also reducing the track width 
down to several micrometers. To implement such ap- 
paratus, it is essential to employ a dynamic tracking 
following (DTF) control system whereby pilot signals 
for tracking are recorded on the main track recorded 
by the rotary head and the playback head is control- 
led to follow the recorded track curves during play- 
back. When the prior art data conversion method is 
employed in such apparatus for multiplex recording of 
the pilot signals, the digital signal spectral distribution 
has to be obtained down to ultra low frequency ranges 
although the recorded information signals contain no 
DC components; the resulting problem is that the pilot 
signals cause external disturbances, leading to in- 
creased errors in the detection of the digital signals. 

One possible approach to overcoming the prob- 
lem of the pilot signals causing external disturbances 
to the digital signals may be by generating pilot sig- 
nals synchronized to the digital signals. However, the 
prior art data conversion method is effective only in 
suppressing the DSV dispersion and is not capable of 
actively controlling the DSV, and therefore, has the 
problem that it cannot generate pilot signals syn- 
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chronized to the digital signals. 

Fig. 4 shows a DAT recording format employed in 
a magnetic recording apparatus using the 8/10 mod- 
ulation method. As shown, according to the format of 
Fig. 4 t ATF areas for tracking control are provided in 
each of which a pilot signal for tracking control is re- 
corded. Further, Fig. 5 shows a digital VTR recording 
format which is disclosed in Japanese Patent Appli- 
cation Laid Open No.3-217179 (1991). As shown, the 
track is divided into a video data area, an audio data 
area, a servo pilot area, and a sub code area, the pilot 
signal being recorded in the servo pilot area only. 

According to the above construction of the prior 
art, it is not possible to control the DSV in such a man- 
ner as desired, and a separate area has to be re- 
served for recording a pilot signal for tracking control. 
Accordingly, accurate tracking control cannot be real- 
ized without increasing the data amount and hence 
increasing the recording rate, which makes it difficult 
to achieve high density recording. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a data conversion method which, by suppressing low 
frequency components, can minimize intersymbol in- 
terference on the transmission channel, thus permit- 
ting increased per-track recording density, as in the 
prior art data conversion method, and which is capa- 
ble of generating pilot signals synchronized to digital 
signals, which has not been possible with the prior art 
method, and thus achieves increased recording den- 
sity with reduced track width. 

It is another object of t he present invention to pro- 
vide a recording/reproducing apparatus optimized for 
the data conversion method capable of generating pi- 
lot signals synchronized to digital signals. 

It is a further object of the present invention to 
provide a data conversion method which is capable of 
generating pilot signals for tracking control and which 
involves hardly any increase in the recording rate and 
therefore permits high density recording, and a re- 
cording/reproducing apparatus using such a data 
conversion method. 

According to the present invention, there is pro- 
vided a data conversion method for word-converting 
an r-bit first dataword to an m-bit second dataword (r 
< m) and converting the word-converted m-bit sec- 
ond dataword to an n-bit codeword (m < n), in which, 
for r/m word-conversion, a sequence of first data- 
words is divided into groups of x bits where x is the 
least common multiple of r and m, an arbitrary first da- 
taword selected from x/r groups of first datawords is 
divided into x/m, and r/(x/m)-bit data obtained by div- 
iding the first dataword into x/m is appended to the 
LSB (or MSB) side of one or other of the non-divided 
first datawords to form the m-bit second dataword. 
The m-bit second dataword can thus be handled as r 



♦ (r/(x/m)) (or (r/(x/m)) + r). Therefore, if, in m/n con- 
version, the n-bit codeword is formed by dividing it 
into n1 and n2 bits, the data conversion can be per- 
formed by relating r to n1 and r/(x/m) to n2. This 
5 serves to reduce the possibility of error propagation 
due to a bit error that may occur in reverse data con- 
version. 

Furthermore, when converting the word- 
converted m-bit second dataword to the n-bit code- 
to word, the number of successive 0s between a bit "1" 
and the next bit "1" in each n-bit codeword is limited 
to 4, and two codewords, one with CDS = +1 and the 
other with CDS = -1, are paired and related to the rn- 
brt second dataword, the two codewords being selec- 
ts tiveiy used in accordance with a DSV control signal. 
This enables the DSV to be controlled at a desired 
value for each codeword, thereby achieving spec- 
trum suppression in a relatively low frequency range. 
Also, by controlling the CDS polarity in accordance 
20 with the DSV control signal, a pilot signal of the DSV 
variation cycle synchronized to digital data can be 
generated in the low frequency band where the digital 
data power spectrum exhibits an abrupt drop. 

When the above data conversion method is em- 
25 ployed in a recording/reproducing apparatus, the 
number of first datawords to be recorded in a data 
block where an error-correcting code and an error- 
detection code are appended for every synchronizing 
signal is set at an integral multiple of x/r. The record- 
30 ing/reproducing apparatus thus constructed ach- 
ieves an efficient code format that does not require 
redundant bits. 

The recording/reproducing apparatus employing 
the above data conversion method has: decoding 
35 means for decoding n1 bits in the reproduced n-bit co- 
deword into r bits, the reproduced n-bit codeword be- 
ing divided into n1 bits and n2 bits for reverse conver- 
sion into the m-bit second dataword; decoding means 
for decoding the n2 bits into r/(x/m) bits; decoding 
40 means for decoding the n bits into the m bits; Identi- 
fying means for identifying the type of bits at prescri- 
bed positions in the n-bit codeword and for outputting 
an identification. signal designating the identified 
type; and means for selecting decoded data from the 
45 respective decoding means on the basis of the Iden- 
tification signal supplied from the identifying means 
and for outputting the decoded second dataword. 
This construction serves to reduce the possibility of 
the error propagation that may occur between decod- 
so ed first datawords due to a single bit random error in 
the n-bit codeword. 

Another recording/reproducing apparatus of the 
invention has: means for recording multiple kinds of 
data in partitioned areas; means for relating 14-bit co- 
55 dewords of CDS = 0 and pairs of codewords of CDS 
= ± 2 to respective 12-bit datawords when encoding 
and recording at least one of the multiple kinds of data 
and for encoding the data by selectively using these 
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codewords; and means for appending one bit to each 
14-bit codeword to form a pair of codewords, one with 
CDS = +1 and the other with CDS =-1, when encod- 
ing and recording at least one other of the multiple 
kinds of data and for encoding the data by selectively 5 
using these codewords. 

In the above recording/reproducing apparatus, 
when encoding and recording at least one of the area- 
partitioned multiple kinds of data, either a 14-bit co- 
deword of CDS = 0 or a pair of codewords differing 10 
only in MSB, one with CDS = +2 and the other with 
CDS = -2, are related to one dataword, and the data- 
word is encoded by selectively using these code- 
words, thus constructing a DC-free code of Tmin = 
0.86Tand Tmax = 4.29T; on the other hand, when en- is 
coding and recording at feast one other of the multiple 
kinds of data, one bit is appended to each 14-bit co- 
deword to form a pair of codewords, one with CDS = 
+1 and the other with CDS = -1, and the data is en- 
coded by selectively using these codewords, thus 20 
constructing a code that provides the DSV coming 
round to the same value at prescribed intervals. 

The above and further objects and features of the 
invention will more fully the apparent from the follow- 
ing detafled description with accompanying drawings. 25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing the circuit configura- 
tion of a prior art data converting apparatus. 30 

Fig. 2 is a code conversion table according to a 
prior art data conversion method. 

Fig. 3 is a diagram for explaining the operation of 
the data converting apparatus of Fig. 1. 

Fig. 4 is a diagram showing a recording format of 35 
a prior art DAT 

Fig. 5 is a diagram showing a recording format of 
a prior art digital VTR. 

Figs. 6 is a diagram showing the number of code- 
words for deriving codewords in accordance with a 40 
first embodiment of the invention. 

Figs. 7 is a diagram showing the number of code- 
words for deriving codewords in accordance with a 
first embodiment of the invention. 

Figs. 8 Is a diagram for explaining the construe- 45 
tion of code conversion tables according to the first 
embodiment of the invention. 

Figs. 9 is a diagram for explaining the construc- 
tion of code conversion tables according to the first 
embodiment of the invention. 50 

Figs. 10 is a diagram for explaining the construc- 
tion of code conversion tables according to the first 
embodiment of the invention. 

Figs. 11 is a diagram showing code conversion 
according to the first embodiment of the Invention. 55 

Figs. 12 is a diagram showing code conversion 
according to the first embodiment of the invention. 

Figs. 13 is a diagram showing code conversion 



according to the first embodiment of the invention. 

Figs. 1 4 is a diagram showing code conversion 
according to the first embodiment of the invention. 

Figs. 15 is a diagram showing code conversion 
according to the first embodiment of the invention. 

Figs. 1 6 is a diagram showing code conversion 
according to the first embodiment of the invention. 

. Figs. 17 is a diagram showing code conversion 
according to the first embodiment of the invention. 

Figs. 18 is a diagram showing code conversion 
according to the first embodiment of the invention. 

Figs. 19 is a diagram showing code conversion 
according to the first embodiment of the invention. 

Figs. 20 is a diagram showing code conversion 
according to the first embodiment of the invention. 

Figs. 21 is a diagram showing code conversion 
according to the first embodiment of the invention. 

Figs. 22 is . a diagram showing code conversion 
according to the first embodiment of the invention. 

Figs. 23 is a diagram showing code conversion 
according to the first embodiment of the invention. 

Figs. 24 is a diagram showing code conversion 
according to the first embodiment of the invention. 

Figs. 25 is a diagram showing code conversion 
according to the first embodiment of the invention. 

Figs. 26 is a diagram showing code conversion 
according to the first embodiment of the invention. 

Fig. 27 is a diagram showing the circuit configur- 
ation of a data converting apparatus for implementing 
the code conversion method of the first embodiment. 

Fig. 28 is a diagram for explaining the operation 
of the data converting apparatus of Fig. 27. 

Fig. 29 is a power spectrum diagram showing the 
effect of the first embodiment. 

Fig. 30 is a diagram showing the structure of a 
first dataword block recorded by a recording/repro- 
ducing apparatus employing the data conversion 
method of the first embodiment. 

Fig. 31 is a diagram showing the structure of the 
first dataword block recorded by the recording/repro- 
ducing apparatus employing the data conversion 
method of the first embodiment along with the struc- 
ture of the first datawords recorded at the top of the 
block. 

Fig. 32 is a diagram showing the configuration of 
a circuit for implementing a decoding method in the 
recording/reproducing apparatus employing the data 
conversion method of the first embodiment. 

Fig. 33 is a diagram showing classifications for 5- 
bit LSB codewords In the codewords of the first em- 
bodiment. 

Figs. 34 is a diagram showing code conversion 
according to a second embodiment of the invention. 

Figs. 35 is a diagram showing code conversion 
according to a second embodiment of the invention. 

Figs. 36 is a diagram showing code conversion 
according to a second embodiment of the invention. 

Figs. 37 is a diagram showing code conversion 
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according to a second embodiment of the invention. 

Figs. 38 is a diagram showing code conversion 
according to a second embodiment of the invention. 

Figs. 39 is a diagram showing code conversion 
according to a second embodiment of the invention. 

Figs. 40 is a diagram showing code conversion 
according to a second embodiment of the invention. 

Figs. 41 is a diagram showing code conversion 
according to a second embodiment of the invention. 

Figs. 42 is a diagram showing code conversion 
according to a second embodiment of the invention. 

Figs. 43 is a diagram showing code conversion 
according to a second embodiment of the invention. 

Figs. 44 is a diagram showing code conversion 
according to a second embodiment of the invention. 

Figs. 45 is a diagram showing code conversion 
according to a second embodiment of the invention. 

Figs. 46 is a diagram showing code conversion 
according to a second embodiment of the invention. 

Figs. 47 is a diagram showing code conversion 
according to a second embodiment of the invention. 

Figs. 48 is a diagram showing code conversion 
according to a second embodiment of the invention. 

Figs. 49 is a diagram showing code conversion 
according to a second embodiment of the invention. 

Fig. 50 is a diagram showing the circuit configur- 
ation of a data converting apparatus for implementing 
the data conversion method of the second embodi- 
ment. 

Fig. 51 is a diagram showing a code select table 
according to the second embodiment 

Fig. 52 is a diagram for explaining the operation 
of the data converting apparatus of Fig. 50. 

Fig. 53 is a diagram showing a recording format 
of a recording/reproducing apparatus according to 
the second embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(Embodiment 1) 

A first embodiment of the invention will now be 
described below with reference to accompanying 
drawings. Now suppose a first dataword length r = 8, 
a word-converted second dataword length m = 12, 
and a data-converted codeword length n = 1 5, to form 
a code with a modulation parameter Tmax/Tmin = 5. 
At this time, d = 0 and k = 4, where d is the minimum 
number of 0s between an arbitrary 1 and the next 1, 
and k is the maximum number of 0s between an ar- 
bitrary 1 and the next 1. The NRZI (F) rule is used to 
form the code. To achieve such a data conversion, 
the maximum number of successive 0s in each code- 
word is limited to 3 on the MSB side, 1 on the LSB 
side, and 4 within codeword. In this situation, the 
number of possible codewords having the MSB of 0 
and satisfying the 0 run length condition is given in 



Fig. 6 for each CDS. 

To form a DC-free code, 2 12 pairs (4096 pairs) of 
codewords, each pair having codewords of different 
CDS polarities, should be provided. The numbers giv- 

5 en in Fig. 6 are only for codewords whose MSB is 0; 
by converting the MSB to 1, codewords of reverse 
CDS polarity can be obtained while satisfying the 0 
run length condition. Accordingly, of the codewords 
given in Fig. 6, only the codewords of CDS = ± 1 are 

10 enough to satisfy the minimum required number of 
second datawords = 2 12 (4096 < number of code- 
words = 4650). Therefore, by using only the code- 
words of MSB = 0 and CDS = ± 1 and by setting the 
MSB to 0 or 1 , it is possible to suppress the dispersion 

15 of DSV. 

Fig. 7 shows possible combinations of codewords 
n1 and n2 when the codewords of CDS = ± 1 given in 
Fig. 6 are each divided into n1 = 10 bits and n2 = 5 
bits, n1 representing the 10 bits on the MSB side and 

20 n2 representing the 5 bits on the LSB side. In Fig. 7, 
Group A consists of n1 codewords of CDS = 0, Group 
B of n1 codewords of CDS - +2, Group C of n1 code- 
words of CDS = -2, Group D of n1 codewords of +4, 
and Group E of n1 codewords of CDS = -4. Each of 

25 the codeword groups A to E is subdivided in accor- 
dance with the 0 run length at codeword end resulting 
from the concatenation of the codewords n1 and n2. 

First, we focus our attention on Group A, It can be 
seen that there are 18 different n2 codewords that 

30 can be paired with A1 while, of the 1 8 codewords, 17 
codewords excluding the codeword "02" can also be 
paired with A2. Therefore, for Group A, 16 codewords, 
excluding the codewords "02* and "05", are used, and 
m = 12 bits are divided into ml = 8 bits and m2 = 4 

35 bits at the time of m/n conversion, to realize m1/n1 
(8/10) conversion and m2/n2 (4/5) conversion, re- 
spectively. This coding technique serves to avoid 
propagation of errors between divided codewords at 
the time of decoding. To utiize this property, when 8- 

40 bit first datawords of length (r) supplied from an error- 
correcting circuit are word-converted to 12-bit second 
datawords of length (m), four bits separated from the 
eight bits are mapped to m2, while non-divided 8 bits 
are mapped to ml. As a result, when a random error 

45 occurred to one bit in n bits during the reconstruction 
process, the error occurring to the first dataword af- 
ter decoding is limited only to one dataword; the error 
is thus prevented from propagating between data- 
words. 

50 In the first embodiment, 1s and 0s used to repre- 

sent one-bit signals are binary numbers, a 1 repre- 
senting a high level and a 0 a low level. On the other 
hand, "0" to "F" used to represent datawords, code- 
words, or parallel data bit sequences are hexadecimal 

55 numbers. 

If the above coding method is provided in 256 
pairs, a single bit error in n bits during the reconstruc- 
tion process can be prevented from propagating be- 
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tween first datawords after decoding. However, as is 
apparent from Fig. 7, under the condition that satis- 
fies the modulation parameter of the data conversion 
method of the first embodiment, the above coding 
method can be applied only to Group A, and cannot s 
be applied to the other Groups B to E. 

In view of the above situation, we now consider 
a method of coding, as shown in Figs. 8 to 10 wherein 
the m1/n1, m2/n2 coding method is divided into three 
major coding groups, i.e. the first coding group con- 10 
sisting only of Group A codewords corresponding to 
the first datawords ml = "00" to "73", the second cod- 
ing group consisting of Group B and Group C code- 
words corresponding to the first datawords ml = "74" 
to "BA", and the third coding group consisting of the is 
codewords in the other groups as well as the remain- 
ing codewords in Group B and Group C correspond- 
ing to the first datawords ml = "BB" to "FF". 

First, referring to the first coding group of Fig. 8 
which consists only of Group A codewords, if an error 20 
occurred to one bit in n bits in the reconstruction proc- 
ess, the error occurring to the first dataword after de- 
coding is limited only to one dataword and is thus pre- 
vented from propagating between datawords. 

Next, in the second coding group shown in Fig. 9, 25 
there is provided a one-to-one correspondence for 
the m2/n2 conversion, but for the m1/n1 conversion, 
two n1 codewords are mapped to one ml. Therefore, 
of the encoded 15 bits, if the 10 bits mapped to n1 
contains a single bit error, the error occurring to the 30 
first dataword after decoding is limited only to one da- 
taword and is thus prevented from propagating be- 
tween datawords. However, if there is an error in one 
bit out of the five bits mapped to n2, error propagation 
can occur between first datawords after decoding 35 
from the probability point of view. 

Further, in the third encoding group shown in Fig. 
10, one ml is mapped to a plurality of n1 codewords 
for the m1/n1 conversion, while for the m2/n2 conver- 
sion, a plurality of m2 codewords are mapped to one 40 
n2. Therefore, any one bit error can cause error prop- 
agation between first datawords after decoding from 
the probability point of view whether the error is in n1 
or n2. 

In the data conversion method wherein an 8-bit 45 
first, dataword is word-converted to a 12-bit second 
dataword which is further converted to a 15-bit code- 
word, the above coding method has the effect of re- 
ducing the possibility of error propagation that may 
occur between first datawords after decoding due to so 
a single bit detection error in the encoded 15 bits. 

Code conversion tables thus constructed are 
shown in Figs. 11 to 26. The numbers given in Figs. 
11 to 26 represent binary digital signals in hexadeci- 
mal notation; "0" to "F" in the uppermost row each 55 
correspond to the four bits on the LSB side of a 12- 
bit input codeword, and "00" to "FF" in the leftmost 
column each correspond to the eight bits on the MSB 
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side of a 12-bit input codeword, each row and column 
intersection "XXXX" forming the resulting 16-bit co- 
deword. For example, when a 12-bit dataword "15A" 
is input, a codeword "9539" is obtained from the inter- 
section between the row of "15" and the column of "A" 
(see Fig. 12). For a 12-bit input codeword (the second 
codeword), the resulting codeword consists of 1 6 bits, 
of which the MSB corresponds to a Q signal P" for 
a high level and "0" for a low level, representing the 
end level of an NRZI-modulated codeword when the 
MSB of the premodulation codeword is "0"), the 15th 
bit represents the CDS information ("1 " for +1 and "0" 
for -1), and the remaining bits from the 14th bit to the 
LSB correspond to the bits from the 14th bit to the 
LSB of the 15-bit codeword to be NRZI-modulated. 
For the m/n (12/15) data conversion, the codeword 
output is selected as 16 bits because the codeword 
MSB control is performed by comparing the CDS in- 
formation of the codeword to be converted with the 
end level of the previous NRZI-modulated codeword 
on the basis of a DSV control signal of 50% duty cycle 
derived by further dividing the data. conversion rate 
signal. 

Fig. 27 is a diagram showing an example of a cir- 
cuit configuration implementing thefirst embodiment. 
The reference numeral 3 designates a clock genera- 
tor circuit which generates, from a channel dock for 
transmitting a data-converted code, a symbol clock of 
fCH/10 for transmitting a first codeword (r), a clock 
(fMW/2) of fCH/30 (a value obtained by multiplying 
24, the least common multiple of r and m, by n/m 
(10/8)) for word-converting the first dataword to the 
second dataword, a clock (f MW) for parallel-transmit- 
ting a converted n-bit codeword, and a DSV control 
signal (I) for determining the variation frequency of 
DSV. 

The numeral 4 is a shift register constructed from 
three stages of flip-flops (F-F) for transmitting S-bit 
first datawords in parallel at the symbol clock (feym); 

5 is a latch circuit thatiatchesatthe clock (fMW/2) the 
24-bit parallel signal output from the shift register 4; 

6 is a selector for word-converting thefirst datawords 
of 3 bytes to two second datawords by using t he clock 
(fMW/2) as a select switch; 7 is an encoder for data- 
converting each 12-bit dataword to a codeword se- 
lected from the tables shown in Figs. 11 to 26; and 8 
is an MSB controller for outputting the MSB of the co- 
deword in accordance with the Q and CDS informa- 
tion supplied from the encoder 7 and the DSV control 
signal (i) supplied from the clock generator circuit 3, 
the MSB controller 8 having four EXOR circuits, A to 
D, and a one-word decay for delaying the end level of 
the previous NRZI-modulated codeword by one en- 
coding cycle by using the clock (fMW). Further, the 
numeral 9 designates a parallel/serial converter for 
loading the encoded 15-bit parallel signal at the dock 
(fMW) and for converting the parallel signal to a serial 
signal which is transmitted at the channel clock (fCH), 
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and the numeral 10 indicates an NRZI modulator for 
causing state inversion (high to low and low to high 
transitions) when signal "1" is input 

Fig. 28 is a timing diagram for explaining the op- 
eration of the circuit shown in Fig. 27. The reference 
signs (a) to (k), (m), (n), and (r) correspond to the re- 
spective points designated by the same signs appear- 
ing at the inputs/outputs of the respective circuit sec- 
tions. 

The operation of the circuit will now be described 
in detail. 8-bit first datawords (r) fed from an error-cor- 
recting circuit section are shifted at the symbol dock 
(fsym) into and along the shift register 4 and are out- 
put as a 3-byte or 24-bit parallel signal. The 24-bit par- 
allel signal is latched by the latch circuit 5 at the clock 
(f MW/2) of three-symbol cycle. That is, three bytes of 
signals "08", "1A", and "93" are latched by the latch 
circuit 5 Sat the rising edge, between times 3 and 4. of 
the dock (f MW/2) shown in Fig. 28. Of the three bytes 
of parallel signals, the first byte (8 bits) "08" is input 
to DH11 - DH4 of the selector 6, and the four bits of 
"1" on the MSB side of the second byte are input to 
DH3 - DH0 of the selector 6. Further, the last byte (8 
bits) "93" is input to DL11 - DL4 of the selector 6, and 
the four bits of "A" on the LSB side of the second byte 
are input to DH3 - DH0, respectively. As a result, be- 
tween time 4 and the first half of time 5 in Fig. 28, the 
selector 6 outputs a 12-bit parallel signal "081". Be- 
tween the second half of time 5 and time 6, the se- 
lector 6 outputs a 12-bit parallel signal "93A". 

With the above operation, the three 8-bit first da- 
tawords "08 s , "1A", and "93" are word-converted to 
two 12-bit second datawords, "081" and "93", by div- 
iding the second of the three first datawords into two 
and appending the respective halves to the LSBs of 
the first and third bytes of the first dataword. Like- 
wise, the three bytes of the first dataword, "41", "DE", 
and "F2", latched by the latch circuit 5 at the rising 
edge, between times 6 and 7, of the clock (f MW/2) in 
Fig. 28, are word-converted by the selector 6 to two 
second datawords "41 D" and "F2E". 

Next, we will describe in detail the operation for 
converting the 12-bit second datawords to 15-bit co- 
dewords. For the convenience of explanation, it is as- 
sumed that, at time 4 in Fig. 28, the output Q* of the 
one-word delay in the MSB controller 8 is low, and 
that the DSV value for the codeword sequence up to 
the converted second dataword immediately preced- 
ing "081" is 0. 

In this condition, when the second dataword 
"081" is input to the encoder 7 during the period from 
time 4 to the first half of time 5, the encoder 7 outputs 
a signal, 8BC9, in accordance with the conversion ta- 
bles shown in Figs. 11 to 26, the signal having a total 
of 1 6 bits, i.e. a codeword formed from the LSB to the 
14th bit and the CDS signal and Q signal, one bit 
each, associated with the codeword. To describe the 
contents of the signal, of the four bits "1000" corre- 



sponding to "8", the MSB represents the Q signal, "0* 
for a low level and "1" for a high level. Further, of 
"1000" corresponding to "8", the bit immediately pre- 
ceding the MSB represents the COS signal for the co- 

5 deword, "0" indicating CDS = -1 and a low level and 
"1" indicating CDS = +1 and a high level. The remain- 
ing two bits of the "1000" corresponding to "8", plus 
the 12 bits "BC9", a total of 14 bits, constitute the 
data-converted codeword which has 14 bits of 

10 "0010111 1001 001" from the 14th bit to the LSB. 

Of the signals thus created, the Q signal and the 
CDS signal are input, along with the DSV control sig- 
nal (i), to the MSB controller 8 which then determines 
and outputs the MSB of the codeword in accordance 

is with the operation hereinafter described. The DSV 
control signal (i) is set at "1" (high level) if the DSV is 
to be dispersed in the positive direction and at "0" (low 
level) if the DSV is to be dispersed in the negative di- 
rection. In the present embodiment, the DSV control 

20 signal is set at a high level for the duration of times 4, 
5, and 6 and at a low level for the duration of times 7, 
8, and 9, so that the CDS is controlled to give +1 for 
encoding the second datawords "081" and "93A" and 
-1 for encoding the second datawords "41 D" and 

25 "F2E". 

The operation of the MSB controller 8 will now be 
described in detail. First, using the EXOR circuit A, it 
is checked whether the CDS value of the codeword 
currently output agrees with the direction in which the 

30 DSV is to be dispersed; if they agree, a 0 is output, 
and if they do not agree, a 1 is output, thereby making 
the CDS value of the codeword agree with the dis- 
persing direction of the DSV. Note, however, that the 
above output condition is based on the assumption 

35 that encoding is performed with the start point of the 
codeword at a low level at the time of NRZI modula- 
tion. Also note that the MSB needs to be determined 
by referencing the Q' signal (a 0 for a low level and a 
1 for a high level) indicating the end level of the pre* 

40 vlous NRZI-modulated codeword. The output of the 
EXOR circuit A and the Q' signal are both input to the 
EXOR circuit B, and when the Q' signal is "0" (indicat- 
ing that the NRZI-modulated word level at the end of 
the previous codeword is low), the output level of the 

45 EXOR circuit A appears unchanged at the output of 
the EXOR circuit B. On the other hand, when the 
Q' signal is "1" (indicating that the NRZI-modulated 
word level at the end of the previous codeword is 
high), since the polarity of the CDS of the codeword 

so is inverted after NRZI modulation, the output level of 
the EXOR circuit A appears inverted at the output of 
the EXOR circuit B. The output of the EXOR drcuit B 
is supplied as the MSB of the codeword to the paral- 
lel/serial converter 9. 

55 To describe the above operation as applied to the 

present embodiment, when the second dataword 
"081" is input to the encoder 7, the CDS signal output 
from the encoder 7 is "0", and the DSV control signal 
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(i) is at a high level ("1") that causes the DSV to dis- 
perse in the positive direction, as can be seen from 
Fig. 28. so that the EXOR circuit A outputs a high level 
signal ("1"). At this time, the Q' signal that indicates 
the end level of the previous NRZI-modulated code- 
word is at a low level ("0"), so that the EXOR circuit 
B outputs a 1 as the MSB of the codeword. 

As a result, a 15-bit parallel signal w 1 001 01 1101" 
is loaded into the parallel/serial converter 9 in the 
middle of time 5 when the clock (f MW) goes low. The 
loaded bits are then output serially at the channel 
clock (fCH) from the parallel/serial converter 9 to form 
a code sequence with the MSB at the top of the se- 
quence. The code sequence output from the paral- 
lel/serial converter 9 is fed to the NR2I modulator 10 
where the polarity of the signal is inverted each time 
a "1" is input, the resulting signal being shown in Fig. 
28(k). Here, with +1 as a high level and -1 as a low 
level, the CDS can be calculated as +1, which indi- 
cates that the DSV of the code sequence is in the 
positive dispersing direction. 

With the above operation, the 12-bit dataword is 
data-converted to the 15- bit codeword in accordance 
with the DSV control signal, but it is further necessary 
to check the end level of the NRZI-modulated code- 
word, as previously described. This is accomplished 
by the following operation. 

The Q signal from the encoder 7 and the MSB sig- 
nal from the EXOR circuit B are input to the EXOR cir- 
cuit C in the MSB controller 8. When the MSB is "O", 
the Q signal appears unchanged at the output of the 
EXOR circuit C. On the other hand, when the MSB is 
"1", the number of inversions that occur in the NR2I 
modulation increases by one as the number of 1s in 
the codeword increases by one, and therefore, the Q 
signal is inverted for output During the NRZI modu- 
lation, the polarity is inverted between positive and 
negative in accordance with the level of the connect- 
ed signal. Therefore, the output of the EXOR circuit 
C is Input to the EXOR circuit D along with the Q* sig- 
nal indicating the word end level of the previous 
NRZI-modulated codeword, and when the Q' signal is 
"0" (indicating the word end level after NRZI modula- 
tion is low), the output signal of the EXOR circuit C ap- 
pears unchanged at the output of the EXOR circuit D. 
On the other hand, when the Q' signal is "1" (indicat- 
ing the word end level after NRZI modulation is high), 
the output of the EXOR circuit C is inverted through 
the EXOR circuit D. The output of the EXOR circuit D 
is supplied to the one-word delay as a signal indicat- 
ing the end level of the NRZI-modulated codeword for 
the immediately following data conversion. 

To describe the above operation as applied to the 
present embodiment, when the second dataword 
"081" is input to the encoder 7, the Q signal output 
from the encoder 7 is "1", and the MSB output from 
the EXOR circuit B is also "1", as can be seen from 
Fig. 28, so that the output of the EXOR circuit D is at 



a low level ("O"). At this time, the signal Q' that indi- 
cates the end level of the previous NRZI-modulated 
codeword is at a low level ("0"), and therefore, the 
EXOR circuit D outputs a signal 9 0 m indicating that the 

5 end level of the NRZI-modulated codeword is low, the 
signal "0" being input at the clock (fMW) to the one- 
word delay through which the signal is delayed by one 
encoding cycle. By repeating the above operation for 
every m/n data conversion with one word delay at 

10 each time, the end level of each codeword can be 
checked correctly for continuous sequences of code- 
words. 

As described above, the data that has been 
word-converted by the selector 6 from 8-bit first da- 

15 tawords to 12 bit second datawords is converted by 
the encoder 7 to a 16-bit codeword, which is further 
converted by the MSB controller 8 to a 15-bit code- 
word, capable of determining the dispersing direction 
of the DSV as desired by the DSV control signal (i), 

20 by converting the two bits on the MSB side of the 1 6- 
bit codeword to a one-bit signal that determines the 
polarity of the CDS. Likewise, subsequent second da- 
tawords "93A", ^ID", and "F2E" are respectively in- 
put to the encoder 7 and converted to the signal 

25 shown in Fig. 28(j), with their CDSs being controlled 
in accordance with the DSV control signal (i). As a re- 
sult, the DSV value at the codeword end obtained at 
the output of the NRZI modulator 10 has a variation 
width p - p2 over four data conversion cycles as 

30 shown in Fig. 28(k), the resulting signal thus being 
made to synchronize with the DSV control signal. 

The power spectrum of the digital signal is de- 
pendent on the state transition probability, and by 
keeping the DSV variation cycle at a constant value, 

35 the state transition occurring at the DSV variation cy- 
cle becomes high, thus making it possible to obtain a 
spectrum having high power at frequencies corre- 
sponding to the DSV variation cycle. In the present 
embodiment, the cycle of the DSV control signal is se- 

40 lected to be equal to four m/n data conversion cycles. 
However, if the signal cycle is set equal to about 10 
data conversion cycles, it will be possible to obtain a 
relatively low frequency signal corresponding to the 
DSV variation cycle synchronized with the digital 

45 data, and such a low frequency sig nai can be used as 
a tracking pilot signal that will become necessary 
when the track width is reduced. Fig. 29 is a diagram 
illustrating the power spectrum obtained when first 
datawords constructed from 8-bit M-sequence ran- 

50 dom signals expressed as X 23 * X s + 1 are input in a 
circuit constructed in accordance with the first em- 
bodiment but with the cycle of the DSV control signal 
set equal to ten m/n data conversion cycles. As can 
be seen from Fig. 29, the resulting spectrum has no 

55 DC content (DC-free) and, at the same time, exhibits 
high power only at frequencies corresponding to the 
cycle of the DSV control signal. 

We will now describe a digital magnetic record- 
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ing/reproducing apparatus that can be constructed 
into a system optimized for the above-described data 
conversion method. 

Digital magnetic recording/reproducing appara- 
tus such as DAT, digital VTR, etc. have the character- 5 
istic of being insusceptible to system variation in the 
sense that degradation in the signal-to-noise ratio 
does not lead to degradation in the audio and video 
reproduction performance as long as 1s and 0s can 
be distinguished. On the other hand, there is some w 
danger with such digital apparatus that only a single 
bit error in a large volume of information may entirely 
change the contents of the information. Therefore, in 
digital magnetic recording/reproducing apparatus, it 
is essential to employ error-correcting codes for cor- 15 
rection of errors caused on the transmission channel. 
Usually, error-correcting codewords are recorded in 
error-correcting code blocks separated from one an- 
other by a synchronizing signal as shown in Fig. 30. 
In Fig. 30, the numeral 21 is the synchronizing signal 20 
for separating one error-correcting code block from 
another, 22 is an ID signal for the block identified by 
the track number or the synchronizing signal, 23 is a 
parity-check codeword for checking whether the ID 
signal is correctly reproduced, 24 is an audio/video 25 
sector, and 25 is an error-correcting code. Rotary 
head type digital magnetic recording/reproducing ap- 
paratus usually have about 100 such blocks per track, 
each block being separated by the synchronizing sig- 
nal. 30 

The following description deals with a method of 
setting the amount of information for each block. 

The synchronizing signal 21 serves not only as a 
signal for separating each error-correcting code block 
but also as a signal for executing word synchroniza- 35 
tion for decoding the codeword, encoded and record- 
ed as previously described, into the original data word. 
The synchronizing signal thus has a very important 
role, and therefore, a unique signal that does not usu- 
ally appear in the recorded signal sequences is often 40 
used as the synchronizing signal. This unique signal 
can only be obtained by reconverting the data- 
converted codeword. According to the data conver- 
sion method of the first embodiment in which 8-bit 
first datawords are first converted to 12-bit second 45 
datawords and then converted to 15-bit codewords, 
the synchronizing signal length corresponds to 1.5 
bytes in the original first datawords. Therefore, if the 
synchronizing signal sector is constructed from one- 
byte synchronizing signal data plus 0.5 byte obtained so 
by dividing the first dataword. these components 
would become separated at the time of decoding, so 
that the 0.5 byte in the synchronizing signal sector 
would cause a fixed error and therefore, the one byte 
data immediately following the synchronizing signal 55 
data would also cause a fixed error. This problem may 
be solved by inserting a dummy dataword of one byte 
immediately following the first dataword (which may 



be formed from a fixed pattern) used for the syn- 
chronizing signal. 

However, it is not advantageous in terms of space 
utilization to add a dummy dataword in a limited pack- 
age. Therefore, in the recording/reproducing appara- 
tus employing the data conversion method of the first 
embodiment, the first dataword used for the syn- 
chronizing signal is constructed from a fixed pattern 
of one byte, and the immediately following first data- 
word is constructed from a fixed pattern of four bits 
on the MSB side and data (e.g., a cue signal, track ad- 
dress, etc.) of four or less bits on the LSB side. Ordi- 
nary 8-bit datawords are mapped starting with the 
first dataword of the third byte. The pattern of the syn- 
chronizing signal sector may be set in any pattern 
suitable for the reconversion performed after ordi- 
nary data conversion. 

We will now describe a method of setting the 
number of first datawords for each block separated by 
the synchronizing signal. According to the data con- 
version method of the first embodiment r-bit first da- 
tawords are first word-converted to m-bit second da- 
tawords and then data-converted to n-bit codewords. 
This requires word synchronization for every x bits, 
where x is the least common multiple of r and m. For 
example, in the present embodiment, r = 8 and m = 
12, and hence the least common multiple is 24 bits, 
so that the first codewords are word-synchronized for 
every three bytes. Since word synchronization is per- 
formed for every three bytes in each block, as descri- 
bed above, if the number of first datawords in the 
block is not an integral multiple of 3, the first dataword 
remaining after dividing the number by 3 will cause a 
fixed error. Therefore, in the recording/reproducing 
apparatus employing the data conversion method of 
the first embodiment, the number of first datawords 
per block is selected to be equal to an integral multiple 
ofx/r. 

The following describes a method of converting 
the reproduced 1 5-bit codeword back to the original 
12-bit second dataword in the recording/reproducing 
apparatus employing the above-described data con- 
version method. 

Fig. 32 is a diagram illustrating an example of a 
circuit configuration for decoding the reproduced 15- 
bit code-word into the original 1 2-bit second dataword 
(m), employed in the recording/reproducing appara- 
tus using the data conversion method of the first em- 
bodiment. In Fig. 32, the reference numeral 11 is an 
NR2I demodulator for NRZI-demodulating the repro- 
duction signal transmitted by a reproduction channel 
clock; 12 is a serial/parallel converter for converting 
the NRZI-demodulated serial signal, fed from the 
NRZI demodulator 1 1 , to a 1 5-bit parallel signal by us- 
ing a reproduction word clock which is word- 
synchronized by a synchronizing signal appended to 
the top of each block; 13 is a first decoder for accept- 
ing at its input the 10 bits n1 on the MSB side of the 
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15-bit codeword (n) output from the serial/parallel 
converter 12 and for decoding the n1 into a dataword 
that forms the eight bits on the MSB side of the sec- 
ond dataword; and 14 is a second decoder for accept- 
ing at its input the five bits n2 on the LSB side of the 5 
15-bit codeword (n) output from the serial/parallel 
converter 12 and for decoding the n2 into a dataword 
that forms the four bits on the LSB side of the second 
dataword. The numeral 1 5 designates a third decoder 
for decoding the 15-bit codeword, output from the ser- 10 
ial/parallel converter 12, into 12-bit decoded data. 
The third decoder 15 is constructed to perform one- 
to-one decoding when the five bits on the LSB side 
is of a prescribed type. 

Furthermore, the reference numeral 1 6 indicates 15 
an LSB discriminating circuit which accepts at its input 
the five bits on the LSB side of the 15-bit codeword 
output from the serial/parallel converter 12, and 
which discriminates the type of the codeword and 
outputs a control signal (o) designating the classif ica- 20 
tion type; and 17 refers to a selector which selects 
either the 12-bit dataword having decoded data from 
the first decoder 1 3 and the second decoder 1 4 or the 
12-bit dataword from the third decoder 15 by using 
the control signal supplied from the LSB discriminat- 25 
ing circuit 1 7 as a select SW, and which generates the 
second dataword (m) after decoding. 

The operation of this embodiment will now be de- 
scribed. The reproduction signal is NRZI- 
demodulated by the NRZI demodulator 11 and fed to 30 
the serial/parallel converter 12 through which the de- 
modulated serial signal is converted to a 15-bit code- 
word (n). Of the 15 bits in the codeword (n), the 10 
bits n1 on the MSB side are entered to the first de- 
modulator 1 3 , and the five bits n2 on the LSB side are 35 
fed to the second demodulator 14 as well as to the 
LSB discriminating circuit 16. On the other hand, all 
the 15 bits of the codeword (n) are loaded directly into 
the third demodulator 15. 

We will now describe in detail the operation of de- 40 
coders for decoding the 15-bit codeword back into the 
12-bit second dataword. From Figs. 8 to 10, the five- 
bit codeword n2 on the LSB side of the 15-bit code- 
word can be classified in relation to the demodulated 
4-bit dataword m2, as shown in Fig. 33. The code- . 45 
words classified as the first LSB code group in Fig. 33 
correspond to the LSB codewords n2 in the first and 
second coding groups in Figs. 8 and 9 as well as in 
the first n1 group for ml = B BB" to "E7° in the third 
coding group in Fig. 10, and each n1 in the n1 group so 
is related to one decoding data ml within the limits of 
the first LSB code group. Further, the codewords 
classified as the second LSB code group correspond 
to the LSB codewords classified as the second n1 
group in the third coding group as well as the fourth 55 
n1 group for ml = "EE" to "FF in the same coding 
group. The codewords classified as the third LSB 
code group correspond to the LSB codewords clas- 



sified as the third n1 group while the codewords clas- 
sified as the fourth LSB code group correspond to 
the LSB codewords in the n1 group for ml 
= "E8" to "FF". Note, however, that the n1 group in 
the second to the fourth LSB code groups overlaps 
with the n1 group in the first LSB code group, and 
that, in some cases, a plurality of m2 are mapped to 
one LSB codeword n2. 

Now, the first decoder 13 decodes the 10 bits on 
the MSB side into an eight-bit dataword. In this case, 
the top bit in the 10-bit codeword is a control bit for 
controlling the DSV during demodulation and may 
therefore be disregarded at the time of decoding. 
Thus, the remaining nine bits are decoded. The de- 
coding is performed on the codewords in the first and 
second coding groups in Figs. 8 and 9 as well as in 
the first n1 group for ml = "BB" to "E7" in the third 
coding group in Fig. 10, and the decoded 8-bit data- 
word is applied to V11 - V4 on the selector 1 7 as data 
representing the eight bits on the MSB side of the 
second dataword. On the other hand, the second de- 
coder 14 decodes the five bits on the LSB side into a 
four-bit dataword. In this case, the decoding is per- 
formed on the codeword n2 in the first LSB code 
group. The decoded 4-bit dataword is applied to V3 - 
V0 on the selector 17 as data representing the four 
bits on the LSB side of the second dataword. The 
third decoder 15 decodes the input 15-bit codeword 
into a 12-bit dataword. In this case also, the top bit on, . 
the MSB side is excluded, as in the case of the first 
decoder 13, and the remaining 14 bits are decoded. 
The decoding is performed only when the five-bit 
LSB codeword falls in one of the second to the fourth 
LSB code groups, and the decoded 12-bit dataword 
is applied to W11- W0 on the selector 17. 

The selector 17 is switched to select either the 
dataword supplied from the first decoder 1 3 and sec- 
ond decoder 14 or the dataword supplied from the 
third decoder 15, and outputs the selected dataword 
as the decoded second dataword; the switching of 
the selector 17 is controlled by a control signal sup- 
plied from the LSB discriminating circuit 16. Of the 15 
bits in the codeword, the five bits n2 on the LSB side 
are input to the LSB discriminating circuit 16 to dis- 
criminate the type of the LSB codeword. For exam- 
ple, if the LSB codeword n2 is a codeword discrimin- 
ated as belonging to one of the second to the fourth 
LSB code groups, the LSB discriminating circuit 16 
outputs a control signal (o) indicating the discriminat- 
ed type and applies it to the select SW on the selector 
17. When no control signal (o) is received, the selec- 
tor 17 selects the eight-bit MSB dataword V11 - V4 
supplied from the first decoder 13 and the four-bit 
LSB dataword V3 - V0 supplied from the second de- 
coder 14 and outputs the resulting 12-bit dataword V. 
On the other hand, when the control signal (o) is re- 
ceived, the selector 17 is switched to select the 12- 
bit dataword W decoded by the third decoder 15. 
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Thus, the selector 17 outputs the 12-bit dataword 
m obtained by reconverting the codeword that was 
encoded in accordance with the tables shown in Figs. 
8 to 10. As described, the 15-bit codeword is decoded 
on a one-to-one basis to the 12-bit dataword only s 
when the five-bit LS8 codeword n2 is discriminated 
as belonging to one of the second to the fourth LSB 
code groups in Fig. 33; otherwise, the 15-bit code- 
word is decoded by dividing it into 1 0 bits on the MSB 
side and five bits on the LSB side. This construction w 
serves to reduce the possibility of the error propaga- 
tion that may occur between decoded first datawords 
due to a single bit detection error in the 15-bit code- 
word. 

In the above decoding method, the discrimina- 15 
tion of the five-bit LSB codeword is determined by 
which of the two major groups, the first LSB code 
group or the second to fourth LSB code group, the 
LSB codeword belongs to. However, in an alternative 
method, the types of codeword may be classified into 20 
three major groups, for example, the first LSB code 
group, the second LSB code group, and the 
third/fourth LSB code group, and four decoders, i.e. 
the first to the fourth decoders, may be provided, the 
outputs of these decoders being selected accordingly 25 
by using a control signal from the LSB discriminating 
circuit Such configuration may somewhat increase 
the circuit complexity compared to that of the above 
embodiment, but will serve to further reduce the pos- 
sibility of error propagation between decoded first da- 30 
tawords. 

Thus, according to the first embodiment, eight-bit 
first datawords are first word-converted to 1 2-bit sec- 
ond datawords, and then, the 12-bit second data- 
words are converted to 15-bit codewords, each hav- 35 
ing bits of CDS = +1 or -1, by executing word- 
synchronization for every two second datawords, 
which is the least common multiple of the first and 
second datawords. In the conversion process, the 
first byte of the first dataword is mapped to the eight 40 
bits on the MSB side of the first of the two second da- 
tawords, and the four bits on the MSB side of the sec- 
ond byte of the first dataword are mapped to the four 
bits on the LSB side of the first of the two second da- 
tawords. For the second of the two second dataword, 45 
the third byte of the first dataword is mapped to the 
eight bits on the MSB side, while the four bits on the 
LSB side of the second byte of the first dataword are 
mapped to the four bits on the LSB side of the second 
of the two second datawords, thus accomplishing the 50 
8/12 word-conversion. Thereafter, each 12-bit data- 
word is converted to a 15-bit codeword (12/15 data 
conversion). This encoding method permits the 8/10 
encoding of non-divided first datawords and the 4/5 
encoding of divided first datawords, which serves to 55 
reduce the possibility of the error propagation that 
may occur, due to a single bit error in the codeword, 
between first datawords during reverse conversion at 



the time of decoding. Furthermore, when this data 
conversion method is applied to a recording/repro- 
ducing apparatus, it is possible to construct a system 
capable of efficient recording of data without requir- 
ing redundant bits, the system being constructed 
such thatthe number of first datawords for each block 
separated by a synchronizing signal is set at a multi- 
ple of r/x and that the first dataword as the synchron- 
izing signal at the beginning of the block is formed 
from a fixed pattern and the immediately following 
first dataword is formed From a f ixed pattern of four 
bits on the MSB side and data of four or less bits (e.g., 
cue signal, track address, etc.) on the LSB side. 

On the other hand, when decoding the 15-bit co- 
deword into the 12-bit second dataword, the 15-bit 
codeword is divided into 10 bits on the MSB side and 
five bits on the LSB side, and the 1 0 bits are decoded 
into eight bits by the first decoder and the five bits are 
decoded into four bits by the second decoder, while 
the 15 bits are decoded into 12 bits by the third de- 
coder. The discriminating circuit discriminates the 
type of the five bits on the LSB side of the 15-bit co- 
deword and outputs a control signal indicating the dis- 
criminated type, on the basis of which the decoded 
data from the decoders are selected to reconstruct 
the second dataword. Thus, the codeword is decoded 
by reverse conversion of 10/8 and 5/4, except when- 
the LSB codeword fails under specific conditions. 
This has the effect of reducing the possibility of the 
error propagation that may occur between decoded 
first datawords due to a detection error in the code- 
word. 

(Embodiment 2) 

A second embodiment of the invention will now 
be described below. Suppose a code of dataword 
length = 12 and codeword length = 14 with one bit 
added to form a code with Tmax/Tmin = 5. Here, let 
d = 0 and k = 4. The NR2!(F) rule Is used to construct 
the code. To satisfy k = 4 in each codeword, the num- 
ber of successive 0s in the codeword is limited to 4, 
and since one bit is inserted between codewords, the 
number of successive 0s is limited to 2 on the MSB 
side and 1 on the LSB side. 

To form a DC-free code, 4096 pairs of code- 
words, each pair having codewords of different CDS 
polarities, should be provided. There are 2481 code- 
words with CDS = 0, 21 69 codewords with CDS = +2, 
and 1888 codewords with CDS = -2, which satisfy the 
above conditions. Hence, 2481 codewords with CDS 
= 0 and 1615 pairs of codewords with CDS = ± 2, 
which differ only in MSB, are used to suppress the 
dispersion of DSV to achieve DC-free modulation. 
Code conversion tables thus constructed are shown 
in Figs. 34 to 49. The data given in Figs. 34 to 49 rep- 
resent binary digital signals in hexadecimal notation. 
For every 12-bit input data (dataword), there are out- 
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put a total of 16 bits, i.e. a 14-bit codeword, one-bit 
data (hereinafter represented by Q) indicating the 
number of inversions performed on the NR2I- 
modulated codeword, and the CDS (a zero or nonzero 
bit) of the codeword. 5 

Fig. 50 is a diagram illustrating an example of a 
circuit configuration implementing the second em- 
bodiment In Fig. 50, the reference numeral 33 is an 
encoder for converting 12-bit digital data (dataword) 
to 16-bit digital data shown in Figs. 34 to 49; 34 and 10 
36 are NOT gates; 35, 37, 38, and 39 are EXOR gates; 
40, 42, and 48 are flip-flops; 41 and 46 are selectors; 
43 is a parallel/serial converter for converting 14-bit 
or 15-bit parallel data to a serial data sequence; 44 is 
a counter 45 is a four-input NAND gate; and 47 is an is 
NR2I modulator for processing the codeword, con- 
verted to serial data, so that the signal polarity is in- 
verted each time a 1 is input. 

Fig. 51 shows a code select table used to deter- 
mine a code to be selected in accordance with the 20 
current and the previous DSV control signal values, 
the CDS value of the codeword just selected, and the 
previous Q* signal. 

Fig. 52 is a diagram illustrating code conversion 
and DSV value variation according to the second em- 25 
bodiment. In Fig. 52, (a) is a pilot signal (write at "1"), 

(b) is a DSV control signal (positive direction at "1"), 

(c) is input data (12 bits), (d) is a code select signal 
Q\ (e) is a selected codeword, (f) is a signal waveform 

to be recorded, and (g) is a DSV value at the end of 30 
each codeword. 

Fig. 53 is a diagram illustrating the recording for- 
mat of a magnetic recording/reproducing apparatus 
according to the second embodiment In Fig. 53, sub- 
code signals, etc. are recorded in the subdata areas 35 
(SUB1, SUB2), and video and audio signals are re- 
corded in the main data area (MAIN). Pilot signals are 
recorded in the subdata areas (SUB1, SUB2). 

The circuit operation of the second embodiment 
will now be described below with reference to Fig. 50. 40 

First when the pilot area signal output from the 
f I ip-f lop 48 is "0", i.e. when data ot her t han t hat for t he 
subdata area is to be encoded for recording, 12-bit 
data is input to the encoder 33 where the 12-bit data 
is converted to a 14-blt codeword (parallel) by using as 
the code select signal Q' supplied from the flip-flop 
42. The resulting 14-bit codeword is supplied to the 
parallel/serial converter 43. The encoder 33 also out- 
puts a Q signal which is supplied to the selector 41. 
On the other hand, the selector 46 selects ■lO" by the so. 
input pilot area signal "0". which sets the load value 
of the counter 14 to "0010", and the counter 14 out- 
puts a load CLK of one CLK width to the parallel/serial 
converter 43 for every 14 CH-CLKs. The parallel/ser- 
ial converter 43 converts the input 14-bit parallel co- ss 
deword to serial data which is fed to the NRZ1 modu- 
lator 47. At this time, the output of the NOT gate 34, 
i.e. the LSB, is input to the parallel/serial converter 
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43, but since a load CLK is input for every 14 CH- 
CLKs, the LSB is not output from the parallel/serial 
converter 43. The serial codeword input to the NRZI 
modulator 47 is NRZl-modulated for output The Q 
signal output from the encoder 33 is input to the se- 
lector 41 which selects the Q signal by the pilot area 
signal and supplies it to the flip-flop 42. 

On the other hand, when the pilot area signal out- 
put from the flip-flop 48 is "1", i.e. when data for the 
subdata area is to be encoded for recording, 12-bit 
data is input to the encoder 33 which converts the 1 2- 
bit data to a 14-bit codeword (parallel) by using the 
code select signal Q' supplied from the flip-flop 42. 
The resulting 14-bit codeword is supplied to the par- 
allel/serial converter 43. The encoder 33 also sup- 
plies a Q signal to the selector 41 and the NOT gate 
34, and a CDS signal to the EXOR gate 35. The se- 
lector 46 selects "01 • by the input pilot area signal "1 
which sets the load value of the counter 14 to "0001*, 
and the counter 14 supplies a load CLK of one CLK 
width to the parallel/serial converter 43 for every 15 
CH-CLKs. The parallel/serial converter 43 converts 
the input 14-bit parallel codeword and LSB to serial 
data which is supplied to the NRZI modulator 47. The 
serial codeword input to the NRZI modulator 47 is 
NRZl-modulated for output The DSV control signal is 
input to the flip-flop 40 and the EXOR gate 39, the 
output of the flip-flop 40 being coupled to the other 
input of the EXOR gate 39. The output of the EXOR , 
gate 39, i.e. the exclusive OR sum of the current DSV ^ 
control signal and the previous DSV control signal, is 
supplied to one input of tie EXOR gate 38. The EXOR 
gate 35 EXORs the CDS signal output from the en- 
coder 33 with the Q' signal. The output of the EXOR 
gate 35 is inverted through the NOT gate 36 and ap- 
plied to one input of the EXOR gate 37. The EXOR 
gate 37 EXORs the output of the NOT gate 36 with 
the Q' signal and supplies the result to the other input 
of the EXOR gate 38. The EXOR gate 38 EXORs the 
outputs of the EXOR gates 37 and 39 and supplies 
the result to the other input of the selector 41 . In this 
manner, the signal selected in accordance with the 
codeword select table is output as a Q" signal. The Q" 
signal is selected by the pilot area signal and is fed to 
the flip-flop 42 to form a code select signal Q' for the 
next coding. 

Suppose, for example, that the pilot area signal 
is "0", the input data is "3FF", the previous polarity is 
"1", and the Q' signal is "0". In this case, the 14-bit co- 
deword output from the encoder 33 is 
"11001000010111"; the CDS is -2 and the DSV is also 
-2. As a result, the Q signal "0" is output. Next, when 
data "200" is input, since the Q' signal, i.e. the previ- 
ous Q signal, is "0", the selected codeword is 
"01110011011010"; the CDS is +2 and the DSV Is 0. 
Next, when the pilot area signal and the DSV control 
signal both go to a "1" and data "E11" is input, since 
the Q' signal is "1", the output codeword is 
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"11010111010101", and a Q signal of "0" and a CDS 
signal of "0" are output; COS and OSV are both 0. 
When data "715" is input, since the Q' signal is "1", 
the selected codeword is "00101111101001" and the 
LSB is "0"; CDS and DSV are both +1. Next when 
data "BFC" is input since the Q' signal is "1", the se- 
lected codeword is "10100111101110" and the LSB is 
"1"; CDS is +1 and DSV is +2. The above operation 
is repeated for the subdata areas where the pilot area 
signal is "1", thereby achieving a modulation method 
in which the DSV varies at the cycle of the DSV con- 
trol signal. 

Using the above-described modulation method, 
a tracking servo pilot signal is recorded at two places 
within one track. Therefore, in the subdata areas 
(SUB1. SUB2), one LSB bit is added to the 14-bit co- 
deword to form a 15-bit codeword, as described pre- 
viously, and modulation is performed on the code- 
word including the pilot signal, while for other areas, 
the 14-bit codeword is directly modulated. 

According to the format shown in Fig. 53, two 
subdata areas are provided within one track, and the 
pilot signals are recorded in these areas. Alternative- 
ly, three or more pilot signal recording areas may be 
provided within one track in order to enhance the 
tracking accuracy with a narrower track. It will also be 
appreciated that the pilot signal may be recorded in 
any portion within the subdata areas. 

As described, according to the second embodi- 
ment, 12-bit datawords are each converted to a 14- 
bit codeword which, after NR2I modulation, has a 
succession of the same level, more than one bit long 
and five bits at maximum, and provides CDS = 0, +2 
or -2, the CDS value being controlled to suppress the 
dispersion of DSV, thus accomplishing a DC-free 
modulation method. Furthermore, in areas where pi- 
lot signals are recorded, one bit is added to the 14-bit 
codeword to form codewords of CDS =± 1, and the 
modulation is performed so that the DSV varies in 
synchronism with the DSV control signal to produce 
a tracking control pilot signal. This eliminates the 
need for ATF areas, the areas where only tracking 
control signals are recorded. Moreover, since one bit 
is added to the codeword and the pilot signal is re- 
corded in a restricted area, it is not necessary to sub- 
stantially raise the recording rate, and therefore, high 
density recording is achieved. Furthermore, since 
the modulation method is basically the same for both 
the pilot signal areas and other areas, the configura- 
tion does not involve any appreciable increase In the 
circuit complexity. 

As this invention may be embodied in several 
forms without departing from the spirit of essential 
characteristics thereof, the present embodiment is 
therefore illustrative and not restrictive, since the 
scope of the invention is defined by the appended 
claims rather than by the description preceding them, 
and all changes that fall within metes and bounds of 



the claims, or equivalence of such metes and bounds 
thereof are therefore intended to be embraced by the 
claims. 

5 

Claims 

1. A data conversion method for word-converting an 
r-brt first dataword to an m-bit second dataword 

w (r < m) and converting the word-converted m-bit 
second dataword to an n-bit codeword (m < n), 
comprising the steps of: 

dividing a sequence of first datawords into 
groups of x bits where x is the least common mul- 
15 tiple of r and m; 

d ivid ing into x/m an arbitrary first dataword 
selected from a group which consists of x/r first 
datawords; and 

forming the m-bit second dataword by ap- 
20 pending r/(x/m)-bit data, obtained by dividing the 

first dataword into x/m, to the LSB or MSB side 
of one or other of the non-divided first datawords. 

2. A recording/reproducing apparatus employing 
25 the data conversion method of claim 1, compris- 
ing: 

means for, formatting blocks so that each 
block separated by a synchronizing signal con- 
tains the first datawords of the number equal to 
30 an integral multiple of x/r. 

3. A recording/reproducing apparatus employing 
the data conversion method of claim 1, compris- 
ing: 

35 means for mapping r bits and r/(x/m) bits to 

a second dataword corresponding to a synchron- 
izing signal; and 

means for mapping the remaining bits of 
the divided first dataword to a signal, other than 

40 the synchronizing signal, that can complete as 

data with the remaining bits alone. 

4. A recording/reproducing apparatus employing 
the data conversion method of claim 1, compris- 
es Ing: 

first decoding means for decoding n1 bits 
in the reproduced n-bit codeword into r bits, the 
reproduced n-bit codeword being divided into n1 
bits and n2 bits for reverse conversion into the m- 
so bit second dataword; 

second decoding means for decoding the 
n2 bits into r/(x/m) bits; 

third decoding means for decoding the n 
bits into the m bits; 
55 identifying means for Identifying the type 

of bits at prescribed positions in the n-bit code- 
word and for outputting an identification signal 
designating the identified type; and 
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means for selecting decoded data from the 
first, second, or third decoding means on the ba- 
sis of the identification signal supplied from the 
identifying means and for outputting the decoded 
second dataword. 5 

5. A data converting apparatus for word-converting 
an r-bit first dataword to an m-bit second data- 
word (r < m) and converting the word-converted 
m-bit second dataword to an n-bit codeword (m < to 
n), comprising: 

means for dividing a sequence of first da- 
tawords into groups of x bits where x is the least 
common multiple of rand m; 

means for dividing into x/m an arbitrary 15 
first dataword selected from a group which con- 
sists of x/r first datawords; and 

means for forming the m-bit dataword by 
appending r/(x/m)-bit data, obtained by dividing 
the first dataword into xAn, to the LSB or MSB 20 
side of one or other of the non-divided first data- 
words. 

6. Adata conversion method for converting an m-bit 
dataword to a codeword consisting of a greater 25 
number of bits than m, comprising the steps of: 

a first data conversion process wherein 
the m-bit dataword is converted to an n-bit code- 
word having a finite digital sum variation (DSV); 
and 30 

a second data conversion process where- 
in the DSV is controlled at a desired value by ap- 
pending one bit to the n-bit codeword obtained by 
the first data conversion process. 

35 

7. A data conversion method for dividing digital data 
first into 12-bit datawords and then converting 
the 12-bit datawords to 14-bit codewords, 

wherein the number of successive 0s be- 
tween a 1 and a 1 in each of the codewords Is Urn- 40 
ited to 4 within the codeword and to 3 between 
codewords, and codewords having a codeword 
digital sum (CDS) of 0 are directly related to the 
12-bit data, while for codewords having a CDS of 
+2 or -2, two codewords that differ only in MSB 45 
are paired and related to the 12-bit data, the two 
codewords being switched selectively by using 
polarity signals of the respective codewords. 

8. Adata conversion method for dividing digital data 50 
first into 12-bit datawords and then converting 

the 12-bit datawords to 15-bit codewords, 

wherein one bit is appended to a 14-bit co- 
deword converted in accordance with the data 
conversion method of claim 7, to form a pair of co- 55 
dewords. one having a CDS of +1 and the other 
having a CDS of -1, with the number of succes- 
sive 0s between a 1 and a 1 in the code sequence 



being limited to 4, and one or other of the pair of 
codewords is selected in accordance with a DSV 
control signal with the DSV being. made to vary 
in synchronism with the DSV control signal. 

9. A magnetic recording/reproducing apparatus for 
recording multiple kinds of data in partitioned 
areas, wherein 

when converting digital data to codewords 
for recording, the data conversion method of 
claim 8 is used for recording one or more areas 
within one track and the data conversion method 
of claim 7 is used for recording the other areas in 
the same track. 

10. A data converting apparatus for converting an m- 
bit dataword to a codeword consisting of a greater 
number of bits than m, comprising: 

means for converting the m-bit data to an 
n-bit codeword having a finite digital sum varia- 
tion (DSV) as a first data conversion process; and 

means for controlling the DSV at a desired 
value by appending one bit to the n-bit codeword 
obtained by the first data conversion process as 
a second data conversion process. 

11. A data conversion method for word-converting 
first datawords, the method comprising, for each 
group of n first datawords, dividing x of the data- 
words by (n-x) and adding each divided part. to a 
respective one of the other datawords in the 
group to form respective second datawords, and 
converting the second datawords to codewords 
of greater length. 
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Fig. 29 
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Fig. 30 
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Fig. 33 



n2 

GROUP 


m 2 DATA 

01 23456789ABCDEF 


1 


0709 0A0B0D0E0F 1 2 1 5 1 7 1 9 1 A1 B 1 D 1 E 1 F 


2 


01 03 05 06 


3 


11 13 16 


4 


11 13 16 


• 

111316 S 11 1316 



49 



EP 0 557 130 A2 



CD 
tl 

a 



CO 
CO 

m 

00 





COCOC^i — lOCD<lO>CMQUJO)Lr)COUJ 
U_UJOD« — L00>0^t-OTUJCVJCOCDLUCQCVI 

ujulcdcd* — i — .. — cvicvjcvjcocococo^lo 


LU 


' — t— LO CIJ OJ CO C"* CVI ID CO <^ CD LL- CV1 CO 
U_LUmU_IDCJ>Ca^CnOCVJCO<x:LI_CDCVJ 

LUU-OOf— i — «— -cvj cvicvjco cococo 


UJCOCVICOLU. — UDCOCVJCOC^OOQLULLJCD 
QGDCDLi.TfO)OOJO)OC\JCD<LUO)OJ 
LUU-OOr-r-, — CVJCVJCVJCOCOCOCO^LO 


o 


CQOOLUOCDLL CM CO LU LO LL- <CODCDLL_ 
^C3D<CU-^C^£TiC\JOOQCVJLO-<UJO>*-- 
LilLLOOr-. — i — CVJCVJCVICOCOCOCO^LO 


CD 


0)r-CDlJLa)C5LJJ^CDLLCVlOC^05 0>Cl 
Qm<LLI^'C^OCMaDODOJLr)<LiJO)r- 
LUUL.CDCD. — « — . — CVICVJCVJCOCOCOCO^TU") 
OOQQinQinQQUniDOQClQlf) 




LLLUODCiUU<CQLLO)OCO<mLLU.< 

oo)<ujcor-ou.cocDf-m<Qoo — 

UJU-CDCD. — . — . — «— CVICVJOOCOCOCO^LO 


CD 


ODQU-<CD>0)QCD<C0OCVJQQt> 
00)0)UJCO>OU_OOCDr-ir)<ClOOr- 
UJLLOOi — i — « — . — CVJCVJCOCOCOCO^LO 


GO 


-< Q 05 LO LU «■< CO — m CO -< LO 
OODOLUCO C"*-COLL. C^CQi — LOOQCXJi — 
UJU-OOi — * — — CVICVICOCOCOCOTLD 




C-LL.<CLOLL-C\JCD[T^< — LO LLJ CVJ CO CVI 
CD OO 0> UJ CVI CD LL. C — CDLLlDOOOOi— 
UJLU.CD O i — i — * — « — CVI CVI CVI CO CO CO ^3" LO 


CO 


inQt>O0QLiJO)LnUJCMCQLL]r--LOLf)LU 
OOOOLUCVJCDCDLLlDCDU-TfODOCOO 
LULLOO- — — — CVICVJCVJCOCOCO**frLO 


LT> 


CM<LT)CD<mU.C\JCQ!JJCDCDLLCVJCDCD 
OaDOOQCVICO<t:iJL-LO<CLL^C-Q^O 
UJLLCDCD . — . — i — . — CVJCVICVJCOCOCO^LD 

o^tinoiDinoLOiniooiDomino 




CO C^- CVI CO C^OOLUQCDLLOOUJCOO) 
-< 00 Q CVJ CO <C LU lO <C LU ^ O ^ O 
UJ U_ CD O — — — CVICVJ CVI CO CO CO ^MO 


CO 


COIOLU. — IDLL<CDLL.CDQUJ<CDLL CO 
<CX)mOCVJLr)<UJrf <LUCOC^OLLLU 
LULL. CD CD. — — . — • — CVJCVJCVICOCOCOCO^*- 


CVJ 


. — comu_ojci}cr^OTc^Li_<cmc^o}Qco 
^^mcncvjur>-ccuj^cDLjjcot^OLj_Lu 

LULLOO. — . — . — « — CVI CVJ CVI CO CO CO CO 




LUOOCDQCO<ir)LL.<Ql>CT)LnLiJ<f- 
r-^CQQDi — LO-<;C^^CJ5LUCOC^aDLl_LlJ 
LUlLOO»-r-^-, — CVJ CVI CVI CO CO COCO ^t" 
^^■QunLOQQLOininQLOQLOlDO 


<= 


OQCOCO<CCOC>CVJC^I^^lOLL-CVJaOC^CD 
C LL. LU CD » — LO^Q^-ODLUCVJC^CDLL.CD 
LU LULL. CD * — t — « — i — CVI CVI CVI CO CO CO CO 


/ 


CD . — COrO^tLDCDC^COOXCQOOUJa. 

oooooooooooooooo 
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OCOUJ. — lDCOC\JCOCDC7)OLiJCDC\JCOC^ 

ir)lOCOCOCD<X)[>E>0)<<<CDOOO 
QinLOOQLOLniOLOOnLOLnrMniri 


UJ 


LL. * — CD Li- CVJOOUJ % — CD LL <XL CD CO LU i — LO 
COLL^T-OOJODO, — , — CDQCD^tOQ 
LnLOCOCOCOCOC^OO)<<<CDOOO 
U)Qlf)QLOinQQQQlf)Lf)mtnQQ 




Lnif)CDCDCDCOI>C N -0)<<<CDOOO 


o 


<CDUJ<CDU.O)QQ<LnU.LLJO)OLiJ 
CDQCOOOU-COmO. — C0003^-C^C_) 

iniOCDCDCDCDt>t>0)<<<CDOOO 
tOmQQQir)inQDQinijOLOQlDr>> 


CD 


C^03CQt>CDOCD<<l>C\JQCDUJ<CQ 
CDQCOC^CJLLC^CDO. — CDOO)COI>0 
inir)(DCOCDCDIT-C^O)<<<CDOOO 


<c 


LOLi_OTLOUJ<:coc^coioco<ca}coir--cx> 

CDCJCOOCDLLOOOCD, — LO O CD CO CJ) 

l^LOCOCOCO<X>C^C^CO<C-<<d:cDCJ>CJ)0 
LDLOlDQiOLOinpinrMOinppmin 


CD 


c\Jou_c\iaac-i — loujcnjcoc—ul-cdlouj 

CDOCVJC-^CDLi-CT-CDLL-i — LO CJ) <X> CO CT- CD 
LOLOCDCDCDCOt>0 0<<<CDOOO 
QQQLniOQQLDLniDLnQLOLOQin 


CD 


CD<OLUCDLOUJOJCD(0« — LOQLLCOCD 
LOUOJCDCDLLir)CDLLOlf)OCOC\Jr-CD 
LOIDCDCOCDCDO>t>0)<<CDOOO 
LOininQQif)Lnr\intoQir)QOLOLO 




COC-<CDU-C\JCDLUO)COLLCNi<QUJO) 
LnOCVJCD<LLLO<LLOCOUOOOJCDCD 
lDLOCDCDCDCDOD-C^a)<<CDOaO 


CO 


■ — lDOCDClLiJO)CDLLCDQCDO<CDLL 
LOOOJCO<^UJIjO^UJCOCO<^OOCVJCO-< 
Lf)lf)CDCOCO(Dt>l>l>0)<<CDOOO 
OlDlDlOQLOQLDlOLOQlOQQQLr) 


LO 


U-CMLOLL<CDLLO)OCO<COm>COO 
CO^OsJLO<£m^<CmCOCO<CCOC\JCO-<: 
LOlDCDCD(OCDC-C-t>0)<<CDOOO 




OCDCMOOCDOLL<, — . — CDLOLL< 

co<toJLO<tm^a>mcoco<£^c\JLO-«5C 

LT)ir)COCDCDCDt>C-I>Cn<<CQOOO 


CO 


<C co co <c 10 ll. <c o co to lu co cxi q tr- 

CO<Ct— LO<C^^OTUJCOCOtr-^"CVILO<C 
LT>tnCDCD(DCDOOOO)<<CDOOO 
lOinQiniDQlOLOQLOLOLDLniOnn 




C^r-CO(>UJOC><LOCOC^CQCDCD<ir) 
CO <C « — LO <0 ^ OLUCO CO C-*U_LULO -<C 
Lr)LOCOCDCOCDt>C-XJ)<<<aDOO 
QQOOOLOOOlOLnOLDinLOlDlD 




LOm^U^CD<CLO[T-CXI--LJJCDCOCOCr^CVI 

cocr^r— loo>o^cdlucoc\jit-u_ujijo<c 
toiocococococ-c^cr-CD<:<i<ca300 


o 


CXJmCOCVjCOCT-OJLOCOUJCQLJL.. — « — LOCO 
COI>L.LOOTQ^G)Or-CVJCDLLLUlOa3 
LO LO LO CO CO CO CT- <D<<<QDOO 
QIOIOOIOLOOQLOLOLOLOOOLOLO 


/ 


Or-CViCOxJ-LOCDOOOOXCDOQUJLJ- 
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|OsilOCDU,<lOU.LUCDQLUmrM il^— ml 

Ko>oco« — cooo>cvj<OQ^t*cr-ocvico| 

QQQlULLli.LLOOO)CDQ<<<cDCQ| 
QQlf)LnQir)LOCOLULUCQ» i I fci i i ft t nj 



CDCVlCOQC^CsJQmLL<CQLU<COLi.O)1 

' ^ o o lu u_ u- u_ oo a> <ji 05 <: <c <c <c m I 

lOLOlf)Qinr^QCOLlJCQgnLiJLJJLiJCQCQ 



a 



OOLiJf-<lOCD<0)Q^CT)CQt>rn^fn] 
£-^|C\JOO QOO LO O 03* — (OOCOC^OU-M 

toOQUJ ll. ll. ll. oo 03 cr> <C <c <c <£m| 

lOQQinqinLf)LU(OUJlULU(QCOlU(ol 



1 — CDU-C^CViCOC^LL<C LO LL. CJ> LO UJ <£ COI 
CVJCOCQCOr-LOOCDr--(DOCOI>aiLLO 

pQQUJLLU_LLCPcr)cr)cr)<r<f <r <rf-rn| 

prMnQmLnO(OLU(DCOCOUJCOCOC01 



LLO)QLf)UJr-Lf)Qt>OJr>M nionr^-ZTl 

a) ,LLOOmoOOLnOCO^-COaCMC , -CDLJ_M 
pOQLULHJLUL0005a)0><<<<CD 
pinQinQQinUJCOLlJUJLlJCOCOUJLijI 



l QCO<CDCDLLCVJ<:ir)(0^fOLi irninTTT 
^iU-OCD^-OCQOCO, — inCJCMCDmLLLf), 
|CJ> QQLUU_LLU_C0O)O)O)«<< m l 



!<COC^C0 03QCOC^OJ(T)[><mt i rvinnl 

o^iU- tr- m ^ o co <a: co i~ ix^ o cxi co <c u_ inl 

OQQUJa.LLLLCOCD050)<<<<CD 

ir)Lnr>Lfiin^LnujcpcQi i n i iluco» i icol 



OO JLL. CD U_ LU CO <C GO CD LO O OJ CO <£ LU IO| 
lO QQQUJLLLLC0O)O)G)«« m l 

JOQininininincDLijiucDcocoLijaDH 



LO LU CVI CO CO C « — CO CD Ll— CVI LO I J r^r> 
t> |LLir)CDLLUJCO<TfOCOOC\Jin<LLl^- 
|OQQQLULI.LL000)0)0)««CD 
lOlDQinmQQCDLUCO'JJLUCOCOCOCol 



OJmLUQr-lOUJCQCOQCDCVJQ >0)Q| 
^ILU t^) <C LU LU OO ^ O CO <: C\J LO <C LU 
OQQQLULLLi-COO)0)0)««CD 
!QinLOQQLnif)CD(OLUCOCOUJLULJJLul 



LUO)mLLCOC\jQCO(Q<f COCQ<f mi *~^Cl 
^ - LU LO -< LU OQ CO LL. LU CO <[ r— lO «<C Q ^ 
pQOOUJU-LLLL00 0)05<<«m 



ICQ LLQ)QCQUJO)COCOC^^-COOOJ /^S~F^t 
LU-^<LUOC\iC^Ll.UJCO<^-LO<Q^ 
OQQQUJU.LLLLaDO)05<<<<CD 
[lOlOQOinmOLOCQLULjJLLJUli i ifr>i ■ i 



ir)DLL<r-CDLL. — i — LOLLl. — lOCO<LLO| 
o UJ^OlXlOC\lCDLLUJC0r-f--t0C0Q^t 
pQOQUJLl.LLLL00 05 0)««m 



LL<OE>LUa)OUJCOOJQQ<OC\JCOC^ CVJI 
^p^O)UJO)CVJCDOCncO(>LLlOO)Q^t 
pQQQUJLLLLLL00O)O)O)<«m 
piniOQiDQQLOCOUJCOCOLUCOCOLul 



QC^-^LOGQLL ^•CDC^UJOCOUJi — LO CO J 
\C5 ^0)LU05i — COQCQOJ[>LJ_Ttrr>^f\l| 
OOQOUJLLLLU.000)0)0)<«0D 

liOQQiomQinincocoujcocoLULjjcQl 



|<cloo 

|OQQ 
^LOLO 



Or- CNJ 

CVICVJCVI 



CVJOTO CD * — ODLL. i — COLL. CVI CO I 
UJ05^-CDOmC\JCOLL^-l>QCVl 
Q LU LL. LL- LL- COO) <J> O) -< -< -< col 



CO^-LO 

CVI CXI CVI 



cor-cooxcD 

CVI CVI CVI CVI CVI CVI 



OQLUl 
CVJCMCVICVJl 
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CD 
II 

O 



ID 

CO 

60 



lx 


lu c\j in co <: cd IX. cvi cd lu p> co lx cvj <c tr- 

CD ,( TO)QC\J(D<LLLO<LL^fC^OOr- 
CD O O OOQOOLUUJUJLLLLLLi — OJ 
CDCDCOLUCDCDUJCOCD^t MmmcoD^C^ 


UJ 


QCDCVjCOC^O)QLllO)a3LLO)tOUJCOir) 
CD Cvi O) t_J CVI CO LU LO «<*C LU C*- CO CO •— 
CD.OOOQQQQLJJlJJUJU.U.LLOCVi 
LU LU LU LU LU UJ CO LU LU CO CO LU CO Ll J tr— 1 t 




<COUr-lOLL<CDU.CDQUJ<CDLLOO 
UJ CVI GL/ CVJ LO <X LU UJ CO CP** CO LL. «— 
CDOOOQQQQLLILULULLLLLLLLC^ 
COU<OCDCDmiXlLlJCOUILULJJLiJLLlCOt> 


CO 


LU CviCOCDCvJLO <t. LU 0> l 1 1 CO C — CO LL- CO 
CDOOOOOQClLlJIUUJLLLLLLLLr- 
LU CO CO LULU CO CO CO LU UJ CO LU CO CO LU 


m 


LOLiJOQCD<ir)LL<Ot>CDiniJJ<CO 
CDLXCOCOi — LO <C O "^f 0> UJ CO C— CO IX O 
CDCDOOQOOClLUlULlJLLLLLLLLr- 
CO CO LU CO CO LULU CO CO CO LL! COLLI CO CO LT~* 




CVI CD CO -<C CO C"^ CVI iO LO IX CVI CO C^* CO 

i | ft~ in, a**'«^% 4 >' *fc ti ^* ^ »>v ^ v lift j*"»k ■ ■" i a-aiMiik ■ ■ + jf^. 

CD 1 1 CD LO -<£ ^O) LU CVI r-^ mi i CO 
mmOOOOOOUJUJlJJli-LLLLLLr- 
LU CO LU LU CO CO CO LU LULU COLUCO CO LU 


oo 


LU CD CO C — - — LOCD<lOt>OJQLUCTJlOCO 
UL. L UJ «— Ll J CP J L_J 0> UJ CVI CO CLJ LL— CO 
OjmOOOOOOUJLiJUJlLLLLLLL. — 
CDUJUJ CO LU LULU CO CO CO LU CO LU LU CO ET- 


CO 


CQLXi — LOLUC^C^tr^C^LO<X>^CDLL_CVJ. — 
^L I 1 i L LU 1 1 LL J \JJ C J vj^ L J v, vJ VL/ I I CLv 

mmoooooomumLLLLLLLL. — 

CO CO CO l H t M CO U H H| 1 1 1 1 1 C0 1 I 1 1 I 1 CO 1 1 II 1 




OTtCjLUCVJCQLUi — LOCOCVICOC-0>*OLUCO 

1-1 -J LA J Lit I— 1 — ^vj \JJ L J V VJ %*JJ * J V VJ VA— ? -<-L. If' L 1 J 

mmooooooijJumLLiLLLijLr- 

LU LU LU CO UJ LU CO CO CO CO CO CO CO LU CO 


CO 


LX^CDLUCDCOLJ-CNJCOLU*— tOIJ_<C 

05 LULT) <X. LL— LT^ lj CVJ CO fi CVI LO -<X. LU CO 

mCDOOOQOQUmmiLlLLLLLr- 

LU CO UJ UJ CO LU CO LU CO LU LU UJ CO CO CO C*- 


LO 


QC^O)mLLO)QUJr-LTlLLC0Q[>O)r- 
05 LU LO <L LU LT L_> CVJ CO fTl CVI LO <L UJ CO 

mmoooooLjmumu.iLiLU.r- 

co l la co iini i co 1 1 i f o i i n iifnrni nn Mini 




<LOLLO)OUa<ajlJ.QO<D<lf)XUJ 
0> LU^" <C LUCO C — O LL- CO CD • — LO <Q « — 
mmOOOOOOOLULULLLLLLLL- 
co LU CO LU CO co co co LU CO LULU co cnmr^ 


CO 


L^CVOLL<mi^C^OCP<OC-CV]OCD 
CJv LU KjJ LU v»J LT^ CJ LL. LT^ LU - LL 1 <X» f » t— 

mCDOOOOOOOLULULLLLLLLLr- 
CO LU CO CO LU CO UJ LU CO CO CO LULU LU CO 


CVI 


LOCD<oL^a)ijnLij<co[>. — Loaa<G3 
rT> /->. ^t* ct5 1 1 i co cp 1 1 o» nn lo en /~~\ » 

CDCDOOOOOOQLULLlLLLLLLLL^ 

t 1 1 co i 1 1 1 1 t co i i i co LULU CQ 1 1 1 co co co mu_ 




CVjCOr-<^LOLXCVJCDC^^LOUJCV^ 
0)Q^C^lJJCAJt>mxl>mLLlOO)00 
mmOOOOOOOLULULULLLLLLr- 
CO COCO CO LU CO LULU CO LU COCO LU COCO 


CD 


LUi — LO IP* CVliO UJCD LO LU CVJCD LU i — LO tO 
CD lCj ^ CD LU CVJ CO CD LX LO CD LX ^J- CJ>iOO 

mmooooooomLLiLULLLLLLr-. 

LU LULU LU CO UJ CO CO LU CO LU CO CO LULU LL 


/ 


Or--CAJCO^LOCOL^aDO)<CDOOmU- 
CO COCO COCO CO COCO COCO CO CO CO COCO CO 
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LL 


CMCiCDUJ<t:caL1.0>OLOLiJ. — tOUL.O>d 
CDOO)COD-OLLCX)CQOOOLOO^<LLI 

Li 1 1 £"**« 1 1 i i it f-*> p*-.. i ■ p-^ n ■ ■ r— — i ■ r*-««. r— » 


LU 


CD<0)mOO)QCD<COCDlJL(\JQLL< 
in003CO>OULC^CD^OCO<^CDLLI 

oj cvj co ^j- lo ur> co c^-c^ cr^oocooo 

1* «• f" *w 1 i 1 i r* r--«. i i f" r _ r- - 1 i r~ _ ■ i r- r ■ a 


Q 


COl>LLO)lf)LLl<COC^COO)0 0<Ol> 
LO O CO CO O LU C- CD O CO O ^ 05 UJ 
CVJ CNJCO ^ ^ ^ ^ LO LO CO C*- CO COCO 

Li— c-* i>i>u_i> c**- cr^ LL- tr*- c^Li- c^"Ll.ll- 


O 


LO Q LL. CVJ CD IT) UJ CO <C CO <C LO 
LO O CO C\J CT- CO LU tT> CD LU LU CO «< C> LU 
CVJCVJCO^^^^IX^LOLOCOrr-r^OOOOCO 
LU C LL LL- IT** r 1 1 1 1 tT- tT** tT— ^ r-^ 1 1 


CD 


LLCVi<QUO)LOUJOJa3COl>^U)l>CVJ 

cQococ\Jcomixir>cDu.Luro<^-o)LU 

CvJCNJCO^^^^IOLOLOCOC^C^ODOOOO 
L LL_ L L^* LL- LL_ l*- IT— LL. t^* LL. LL. LL. LL. LT^* 




fcOCOC^--<CDLL.CVJCDLJJ05- — LOLU CVI LOCO 
CO <C CO CM CO <: LU LO «< LL. LU CO ^ O 
OJOJCQ^^^^lX)lOLOCOC^C-OOOOGO 
LLl>U-li.U.t>U-(>[MLli-[>t>l>l>LL 


CD 


<Ccntotr^cj)QLiJo>mLucoc\icncocNJco 
co«<COQCVICO«<gLmo«<f LumcQt>u_cnr^ 
C\JCVJCO^^^^LOiniX>COC^C^C^OOGO 

■* - *■ W l> L» I I U. I.I . IV L. k. 1 ' U. l» 1 f i 1,1,, 


CO 


CO LO LU CD LU OD Q CO LU CO CO LU 
CO<^CVJlO<LU^t<UJmC\Jl>LLCOQ 
OJOUCO^^^^I^IX^LOCOl^CT^C^OOCO 

* ' l. fcl- U L. L. U 1 1 1 f i l» t. II, L 


IT- 


lf>LUc T '^OJOC > -0)OLL<« — CD LU « — mi i 
CQ[>Ttc\JLf)<f LU^cnmmnjcnti mm 

CVI CVI CO ^ ^ LO LO LO CO C"** C-* C*^ CO GO 


CO 


(\JmCDCD<LOLL<OC^UJO)CjUJO)Q 
m C^LLLJJlO<QTf 0)LUO)C\ICOQOOCD 
CVI CVJ CVI CO LO LO LO CO CT- tT- O OOOO 
LL— w L U L L LL. L LU L^ LU V L. C^" LU L^ 


LO 


LUO)COCOl>C\lQIXinCDUL<CDCD< 
CVJr-LULULO««<0^0>LUO)« — COO IT- CD 

cvj cvi cvi co ^ lo lo lo co tr- ir^ ir- coco 

tJ— L. L LJ_ LI— L LL. LL, IT^ 17** LU LT** fT** ^ f ■ 1 




cd ll. » — . — Loco^ix>rr-cvio>Qrr-OTcorr- 

C\ICDLLLLlLnO)0^-CDLiJO)« — CQnr^m 

cvj cvi cvi co ^ lo lo lo co tr- tr-ooco 


CO 


OTQLUCOCVJCOrr^CVJLOCOLU<:LOLU« — LO 
C\JC0OCDL0a5O^t0)O00i — COOC^CD 
CVJ CVJ CVJ CO ^ ^J- LO LO LO CO CT- CT-OCOGO 
i 1 1 c**- tr**- 1 1 r*^ i j li . r**» r-^ 1 1 r-^ r*^» r-^* i ■ 


CM 


LU-«<CDCOlU. — LOCOCVICOOCr^CVJOLUCVJ 

• — cdqcd^^qojcoqcx). — muin< 
cvJcvjcvjco^^^tOLOi^cot^rr^rr-oooo 
lu c-* rr- rr- it-lu lu ct- rr-c^Luc^LuLuLutr- 




Q OT «— CD LU CVI CO LU «— <C LO CO <C CDLU 
r--CDQOO^-E>QCMCOQOOr-ljnUir)< 
CVJ CVJ CVJ CO ^J" ^ ^4-LO LOLOCO IT- IT- Cr^ OOOO 
IT- LU LU LU tr- LU tT- IT- LU LU LUrr-C^LULU 


i 


<ir)LLLUo>QUJr- mLurr-CNJcocr-aocD 
r-cooo)^M>ocvJoomco»-ir)oio< 
r\j cvi cvi co ^t" lo lo lo co rr^ c*^ c — oooo 
j- tr- ir- o lu rr- lu lu lu tr- lu tr- rr-Luc-Lu 




CD — CVJ CO LO CO CT-OO CD CD O Q LULU 
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II 



CD 
CO 

do 



I t 


LU<mLL05QCD<LOULLL<lJOLLODLO 
CO C — Li_ CO CD ■ — in<£ooo. — CDOCOO 
CDC0 0)0)<<CDCnCQCDOOOOUJUJ 


1 ► T 


COC-OLH>CD«-LO<QCOr-COOC\Jl> 
O)O)0)O)«0D0QCDCDOQQQliJLU 
C^li li r^tr^L^-Ll-LJ^LLtr^LJL- C — LL. LL- LL- C""*- 


L .? 


0)U^LB<COL^r-inCD<<LOCO<OUJ 

co cr- co u_ tr- co . — Loooco^mocvico 

CDO)CDO)«CDCDCDCDOOOQUJLU 
1 i t i Ll_ LL_ LT*"* LI— LT""* U— lT~~ C""- C"— LL- 


r 


U_C\JCDCT*-i — LOLUCVJCOC N -C V 'OJCOC><CD 
CNJ C — COLL. C— CD LL. LO 0)QOO« — LO O Cvl CO 
0)0)0)0)<<<CQCQmOQQOLiJLU 


Li / 


OLUO)LOUJC^mLL« — LOLOLU* — LO C O) 
OJCDCDLLLOCDLLTfCDOCDOlOOCNJCO 
0)0)0)0)«<CDCQCDOQClOLUUJ 




<mU-C\JlI)LiJO)CDLLC\ICDCDa.C^inLL 
CVJ CO <C LL_ LO <c LL. O ^ O CO O C\J LO 
0)0)0)0)«<CDma300QQLULU 
C^C^li-L^D^C^LL- r^U-C^C^LL tr-LL-Ll- IT- 




r^o>QLjJOTmu-ooc^LxjcoOTOCOc\JQ 

OJCO<CUJLO<CUJ^C^O^"OCQ-<CNJiO 
0)0)0)0)«<CDCDCDOOQQUJLU 

ii ii r^Li-UL.L^rr-u_r^Li_c^r^ 


CO 


LOLL<CDIJLCDQIJJ<CDLLCD<COCD< 
CMLn<UJ^-<LDCOOOLLUJCO<i — LO 
0)0)0)0)«<CD(DCDCDOQOUJLU 
r^u_Li-U_rr-U_.LJ_U-U_LLL^ 




0JOC^0)OLL<CDl>0)OC0C^. — CO 

c^LO^LU^OTLucorr^ou-uuco^- — lo 

0)0)0)0)<<<CDCDCDCDOOOlUIU 

ii i — ii- li_ rr-u-r^rr-Lur-iJuu-Lj-LL. 


v w-' 


(D<LOLL<QC^a)Lr)UJ<^LnUJi — LO 
% — LO <C O^LlJCO C** CD LL- LLJ CO LO 
a)0)0)0<<<CDCD(llCDOQClliiUJ 

r — 1 1 1 1 r^r^rr^u_cr~LLC^c^LL 


1 {""J 


no t — ojr>r-"<rLnLLOJCQt>(DC\iCQCDOJ 
0)0)CDO)«<CDCDCDcriOQQQLU 

rr-L^t^Li-U-Li_rr-Lj-rr-tr-Li-.L^ 


» »- 


, — LOCO<^LOrr^CVJLCiLUOTLOCOL±JroCOLJJ 
^LOODQ^CJ)UJOJCOCDLL-mCNitr^LJL-^ 
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co <mti-Cvjmuja)CDLLC\j< r> ><nnu mi 

OCNJCO<LLlf)<LLTf C-OOr-CDOO) 
O QQQQLUUJLiJLLLLLLi — CM CM CM CO 
■ — CD CD. — CD CD CD. — CD . — CD -<! CVJ CM CVJ 


CVi 


l^UjljUJC^CQiJ-OTQLJJ^C^CXJOCD 

c^cvjco<i:lulo<cuj^-c^ocd*---coocd 

DQDOQLiJLUUJLi.LLLL, — CM CVJ CM CO 
— ■ — < — CD« — - — CD CD. — CD. — CMCM<r<rCM 


< 
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< 


— lf)U-<mu.O)OLU<CQLLinCO<0) 
CVJ LO LU -< LU CO C— O LL- t— LO CJ> CD 
L)OQOOUJUJUJLLlJLLLll-C\JCVJC\ICQ 
CD CD. — . — * — CD i — . — . — . — . — CD-c£CVJCM<r 


<=! 


-LOsJQC-0)QLL<CDC>ODOCMCOC-LL 
2D CVJ LO <C UJ CD LU CO O U- r— lO O CO 
JQQOQUJLiJUJLLLLLLli-CVJOJC^CO 
— ' — CDCDCD. — . — CD- — CD CD. — CM CVJ ^ CVJ 


/• 
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CVJ CO — LOUJCO<CCOL^<CLOLL.CMCDC^| 

tr- cd uu m u_ lu co <c ^ a> uj cm cd ll. 

^^^LOLOLOCOC^C^COCOCOCDCJ>CI>CX> 
cvj c\j <c CVJ CM CVJ OJ CM CM CVJ <C CM •<: -< CM 


LU 


LU CD LOLU CM CD CO tr-i — LO C — CMQ LUCD LO 
CDQQU-LnCDLLLUCO<rfO)UJaj<DCDLL 
^^^LOlOLOCOtr^C^OOOOCOCJ>CJ>a503 
<C CM CM <C CM CM <c -< CM -sC CM CVJ 


O 


□OLLCVJaQLUCDi — LO LU CM LO CO -< OO LL. CM 
CO^U«LO<CU_UJCOC^^GOCJCMCO-<LL- 
^^^LOLOLOCOt^C^OOOOOOODO^CDCX) 
<C CM <C CM CM -eC <C CM CM CM CM <C CM CM <C CM 


o 


05QLUinCDLLCD<\JaQ(DC\lCQr^O)OUJ 
<D<UJLO<UJCDCO!>LLC3)OC\JCD<UJ 

^- ^ ^- LO lo lo co ao oo a> ay ay ay 

CM <t CM <C CM CM CM CM CM <C <C <C <C CM <C 


CD 


LL_ •<£ CQLJL- CJ) C2h CO UJ CJ>CO LU t — LOLL-<CaO 
LO -< LU ^ <C LU CD CM C— LL. OO CZ* CM LO -< LU 

^ lo lo lo co tr- tr- oo oo cd cd ay ay 

CM CM CM CM <t! «<C CM CM -<C CM CM CM CM <3T <*X1 «-=C 


<t 


C>Cr-0>C^U_-<C« — CQLLi — GDU-LUC^C^CD 
LO -< LU O) UJ CO CM CO U_ OO CD CM LO -< UJ 
^1" ^ LO LO LO CO CT- OO OO OD OD o> 05 
<C <£ -<C <C CM CM CM <t CM CVJ CM CM 


CD 


<LT)LL<QC^UJO)OLUa)OCD<LnLL 
Lf)<0^0)LUO)CVJCDQCODDi — LO-<Q 
^ ^ LO LO LO co c^- OO OO CD 03 CD OD 
CM CM <£ CM CM <C CM <C -< CM «C CM CM <C <C CM 


CD 


l>CVJOC^<inCDLL<CDCD<CQC^CVjQ 

m<CiTi-05Luo)f-co(2st>aD»-Ln<Ci 

"^t* LO LO LO CO C** C — OO OO 05 05 ay CD 

«tr -cc cvj -< <x: cm cm -<c cm cm <x: cm cm cm «c 




IOCD<10 1>C\JO)01>0)COI>, — LOCD< 
tf>0)Q^I"0>LlJO)r-TCOQC — GO « — LOOCk 
^^lOlOLO CO C"~C"— C^OOOOO)0)0)05 
CM CVJ <C CM CM «<C <t! CM -<C <C <C CM <C <C CM 


CO 


C\JC9ir-CVJlO<DLL<lDU-T-ir)UJOJC9C- 
lOCDQ^0)Q00r-0DOt>CDLLin0)O 
LO LO LO CO IT- OO CO OO CO CD CD 
<C CM CM <C <C CM CM <C CM CM CM <C <C CM <C <C 


LO 


UJ- — LDCOOJCQCiOOJCiLLIOJCDLU. — LO 

^^^LOLOLOCOC^CT^C^OOOOCOaDCJ>CJ> 
CM *<! <£ CM CM CM -< CM -<£ <<C CM CM CM 




03l-LCVJCOUJr-<LOCO<CQUJO>CDU-OJ 

^■tr-ocviooocDr-iooirXLL^'^Q 

^ LO LO LO CO C— C- OO OO OO CD O CJ> 
CM -< CM CM <C CVJ <C CM CM «<C CM -<C CM -< 


CO 


oqlu. — mLL.c^cvjcr)c^o)mu_cx)<CbUJ 

^t>QCVjCX5CQOOr-LOOLO<UJ^OO 
"^"^f^tLOlOlOCOOC^ C^OOOOOOOD 0505 

CM «<: <C CM <C CM CM <c cm <t: <C CM «C CM 


CVJ 


LU<OOULCDOLOLU» — LOULO)QUJ<CD 
COC^OLLOOCOOOOir)0^t<UJCOt>CJ 

^ ^ ^ ^ lo lo co cr- cr- ir- oo oo oo cj> cd cj> 

<r <r <r r\J CVJ <J* CVJ <I~ -<a** CM -rf CvJ CVJ CVI CM CM 




0dd-0)c»cd<cd0qll00ou-<cqc^0) 
coc^ollC'-cd^ocoo^wujcq^o 

^■^-^"sMOLO(OD-C-I>OOOOC005 0>0) 
<C CM CM CM CM CM <C CM CM CM <C CM <C 


o 


CD LO LU <C CO CO CJ> CTi CO -<C Q CJ> LO LU 

co c- co u_ ir- cd o co <c ^ ay lu co 
^t^f ^ lolo co tr-oo oo oo cd o> cr> 

CM <C CM CM CM CM CM CM -< <C CM <C CM <C 


/ 


Or-OJCOTMf)CDt>COO)<CDOOUJLL 
ro rr^ rc\ rc\ nn m mmmnn <nn m r^n pp rr^ nn 
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LU 


« — tO LU CXI CO C> C- CVJ CO <C CD Ll- CVJ CD LU 
tr-CQU»LOO>CiOOi — IT)OOJCD<LLIO< 
«<CDCDCDUDQQLLILLIUJIUU-LL 

<c cvj cvj cvj cvj <c cvj c\j <c <c <r cvi <c c\j cvi 


LU 


i i i CVJ CD i i i tnioi i i _rn r — <tt> I i 1 rTirn 
LOCDLL^O)QCOOlOOCVJCD<UJin< 
<<<mmmOQQQLUULlUJUJLLLL 
CVJ <C CVJ CVJ <£ <r CVJ <f CVJ CVJ CVJ <C CVJ <C CVJ 




no iii <T) nn ii oj to m i i oj i n 1 1 — -t" nn i i i n* 

* * * L * * U— 1 i 1 V VI VJLa« 1 1 1 » 1 V VI Lk J 1 1 ^4„ * r 1 1 * LL J 

ir> <c u- ^ tr- q ^ cd co o cvi to <c lu <c 

«<CQCDCDOQQOLiJUJUJUJLm- 
CVJ cvj <c CVJ <c CVJ CVJ CVJ <c <C CVJ CVJ CVJ CVJ <t 


O 


10 <c lu -vt- o -vt o co <c cvj to <: LU -v* CO 
<<<mmmoQQDuJmiiJLULLLL 


CD 


> l« VJ«J 4— J LU •<*. UJ LL. KLJ -<H^ vTJ *<X. LL. < ^X. 

^0)<COL^OLLUJCO<r-LO<QTfO) 
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<C 


t— J LL. LXJ L vJ} C_j Cv LT^* « CO II CVJ O L7^" <t. 

^OmCOL^OuLLJJCO<^LO<0^0) 

mmmmoQQLUuJLUW 
<c <r cvj <c cvj cvj <c cvj <a: <c <i: <t <r cvj <r <a; 


CD 


C_J IT"" L/J LL J LU ■<!. ■ — Li) LLl ■ — LO CO -<3. LO C 

^OTujcotr-mLi^ujcoc^i — uDajo^t-o) 
<<<mmmmoQQLULULuuju.LL 
cvjcM<tcvj<ccvjcvj<t:cvjcvjcvicgoj<t 


CO 


^CT>iJJCvjLr-coiJ_mcoLr-L^ 

<<<mmmmooQQUJULiJLLLL 

<^<t:c\j^cvjco^oj<rojou<^ojcxj<^^ 




LO C — OJ l i l r*Ti I O) CO 1 i l rn i • i . i ets rv i 
CD LU CVJ CO CD LL. CO CVJ LL- ^CDtOCVJOD 

<<<mmmLuOQQDUJUJLiJLLii. 
cvj cvj <r cvj <: <t cvj cvj cvj <: cvj cvj <r <c cvi cvj 


CO 


CVI LO C1D <C 1 1 CVI •— rn 1 1 . nn 1 1 OJ CO i i 1 

^CDiOCVJCO<t;LL.COCVJCOLl-^L^ 

<<<mmcomoooQuJUiijLLLL 
<c<:cxj<t<ccvj^<t:ouoj<:oj<t:ojcvj<t: 


LO 


CO CVJ CO D"- CD i i 1 1 i i o*> l ii fTi i i i . rn 
CVJ05<CiCVJCO<CLJJCDCVJCOiO^L^ 

<<<mctimmoQQQUJiiiujLLiJL 
cvjojcvicvjoj<t:c%jcxj<r<t:cvj<d:cvj<c<r^ 




CO i i 1 _ in I i — -T" no no i i on i i i it* i ■ 

v «/ ill ■ Lk ^ 1 1, ^Jl, UXJ 111 L_L— ^J». -\ I l LXJ '^L. * * ' 11,, \JJ 

CVJCOCiCVJLO^LLICD* — COtOCOtT-OLLCO 
<<<QjmQjmOQQQmUUJLULL 

c^^^<t:cvjcvjojoj-^ojoj^<^:<rojoj 


CO 


■ i- t*f \ i i OJ r^- r"T* r"T^ /^"n r*^« m r~->— /*r> 

fc-*J 1 1 i V >* L 1 L. \JJ \JJ L,, -1 L. V</ J UJ L Vjy f J vLJ 

CVJ CO CO CVJ LO <il LU « — CDOCOC^OLLC^ 

<<<mmmmoQQQmujmujLL 
<c <t: cvj <r <i: <r <r cvj <c <r <: cvj cvj <r cvj 




1 | QTl f*~*s CO <*f** in 1 1 II — rT* 1 O 1 1 CT^ 1 n 1 I 1 — fT" rn 
LL- CO CO « — LO<000. — CDOCOt>LuLLI> 

o> <<rjjmmmc^r>nniiiuji umu 
<cvj<<c^oj<cj<cvjojc\j<cvicvjoj 




QCD<c^L>c\JQr^r^ojOLi ojrr>! — — 
LL- C DQ « — LO<QCDi — (QOOJI^mii r-^ 

0;<<LpmmmoQnoLULijtiiiiiii 
cxjcvjcvj<c<t<rcvi<ccvj<r<t:<tcvjc^ 


o 


<COL>i — LOCO<<lOCD<QUJO)LOLJJ 
Li— L^- CD i — LOOOCD. — LO C_) CVJ CO CO LL. LO 

j)<<QjCQmmoQQr^LjjLLJii]i i n t 
<:o4<rcvjcvjcvj<ccvj^ojojoj^^rojoj 


/ 
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CD CO CO CO CO CO CO CO CO CO CO CO CO CO CO 
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LLO' — ■ — OJCvJCvJCVJCOCOCO^-^-^-LOLO 
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1 t 1 CD CO C — Ll__ LO CT> ^"V ^-(TilUcOO 
U-O - — . — r— CVJOJOJCOCOCO^-xf-^LOLO 
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CO 


C^COLUO)CQLUi — LOCOOJCOCT^<CLOIX-OJ 
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U-Oi — i — r—CVJCVJCNJCOCOCO^-^t-^-lOLO 

<ccocococococococoaococococococo 


<C 


UDr-CDLLr-CDLl.CVJCQUJr-LOl>CVJQUJ 
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LL.C3- — . — < — OJCVJCVJCOCOCO^^^fLOLO 

cvjcooococococococococococococoao 


CO 


CVJLUOOUJCDQLJJ. — CD U_ CVJ LO CO <t CD 
i i i CJ5 CVJ CO CT^ c — c "5 r\j rn rn ^ct- rr% ^-n rvi ro 
U-Or-, — CVJCVJCVJCOCOCO^--^-^-LOLO 
<C CO CO CO aoco GO CO CO CO GO GO GO CO CO GO 


CO 


Q o> i — CO CO t^- Li_ CO CD OJ rn OJ CO 
LA-CDi — CVJ CVJ CVJ C\l CO CO ^ LO LO 
OJCOCOCOCOOOCOCOOOCOCOCOCOCOCOCO 




co q c^* ar> co cr> ocd< co uj « — loll 

Q O). — COOCOI>OLJL ScDOJOOQ CVJLO 
LL.CDf — i — i — OJCVJCVJCVJCOCO^-^x^LOLO 
CVJ CO CO CO CO CO GO CO CO GO CO CO OO CO CO CO 


CO 


« — U_-<:LOLI_0)LOLU<3:cOC^. — fflLLOJO 
Q OO i — CD O CO CD LL_ O- CD CVJ CO CD CVJ L O 
LL.O. — « — • — OJOJCVJO^COCO^^t-^-LOLO 
<C CO CO OO CO OO CO OO OO CO CO OO OO CO CO OO 


LO 


LLOC^OJOULCMCQC^. — LOLUCDQCD< 
CDCO^-COOCVJC^CDlJL CD UL. OO CO - — LO 
LL. CD, — « — - — CVJOsJCVJOJCOCOCO^l-^-lOLO 
CVJ CO OO CO CO CO OO CO CO CO CO CO CO GO GO CO 




Q<LOCO<QUJCDlOLUOJ£l4CD<COir- 

CD CO * — LO C_) CVJ CO CO 1 1 LO cr\ 1 1 on , lo 

LU CD* — , — , — CVJOJCVJCXJCOCOCO^^-LOLO 
<C COCO CO OO CO CO CO OO OO CO OO CO CO CO OO 


OO 


^C^CVJCOC^^COU-OJCOLUO^COCr-f — LO 

aooo. — moojco<LLin<u.i>cDi — lo 

i_L.Oi— f— OJCVJCVJCVJCOCOCO^-^tLOLO 
OJCOOOOOCOCOCOCOCOCOOOCOCOCOCOCO 




CT-LOUJ. — LT)l>0)OLU05CDLLi — LO LU CVJ 
CDOOOLOOCMCO<UJLr)<LUC^CDLi-Lr> 
LLO«-r- r— CVJCVJCVJCXJCOCOCO^^t"^LO 
<3L CO CO CO OO CO CO CO CO CO CO CO OO CO CO CO 




LO LUCDLL CVJ LO LL_ <C CD LL- OOLLl CVJ CD LU 

cou_cocoocvjix)^m^<CLiJLomu-^ 

LL. UL- ' — i— CVJCVJCVJCVJCOCOCO^*^-^MO 
CVJCVJCOODCOCOCXDOOOOCOCOCOCOOOCOCO 




^JCDO)QCDCMQOO)QLL<CDLLICDCD 
X>LL-C3C^<CCVJLO<:m^a>LULO<:Ll_^ 
J_LL-^-t— •— - CVJOUCUCVJCOCOCO^^f^MO 
<H CVJ CD CO OO OO CO CO CO CO CO OO CO CO OO CO 


7: 


ZD . — OOCO^LOCOOCOOXCDOQLUO. 
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m L^- LO CO U. ^t- CD Q GO O LO O CM CO LU I 
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c^bJ<»(^LL.<!S ftaUJW<3>d^<^(\JQC^i 

ICO ^^^^LU^-C-O^CDCO^CCSJIO^CI— . 

LOLococococ^c-c^cocr)a)a><:<r^<r| 



CO 



LO 
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mU^CD^C^^LrtLLLL^LrtLLODU^Ld 
OLLOOCDr-lO<ooO^.<OOCO>mLi. 

lo ir> co co tr- oo cd ay ay «<; «<c <c «c 
m ^^ c ^<^cQmcococQcococomcoco 



o3Qco<t: c^b^<Nj^ Q tr-cJQLL.c\lmb^ | 
OU -^OQ' — LrXQOOt-CQC^air^ mii I 
LO LO CO CO .O OO OD <: <c <: <H 



> mLucD^LU<t:aiu.<^><t:coab < 

<CLU^*"<CUJCOC>-OLI-LlJCO-<^-l. _ 

lo to co co co t>. tr- tr- oo co ay <c *c -< I 
^comcocococococQcococomcocotril 



»<gtif>uJ 
■io<c^ 



LO LO CO CO CO cr- OO CD CD <c <c <c <c 

QDCQcoc omcoQQoQcococQm mmm^ 
ur>u^^c^L^cDLO uJ<tt^Lr)LU^ir><^<t: 

lo lo co co co tr- o- oo ay ay <c !<c Zc - 
^mm mcocpcomQQmco cocococni 
^QC^< cu^u^<IMa3t^tofrJcato<\JcOL 

<O^ta>CQ00OCQLLGDC0OU.L0CDCi 
Lnir>COCOCOl>t>Ol>000)0)CO«< 

^^^^mcomcococoQQ oocomcrigY^ 



C^^l^t^CVJ^^CDLOC^I^OJCOUJ^lO 

Icq OT ^^^i^c\jcomu_mc\jc^Li_^j-OTCi 

LO LO CO CO CO OO OD CD CD <C <C 

Icvj ro ^^^^c\jco<cu_.mc\Jcbu_^r^Q 

10 lo co co co ir- c-. ao cd cd cd <c <c 
cooproroQQco romcocpcocom mm 

r-u^cvjcor-oQujuJOTOLLla)^^ 

LnLr)CDCOCD>l>t>t>COO)0)0>«< 

QQmmcQQQcQQDcomcommcomcnml 

I>Q(\JCDQOJLn<LUO), — CDOCO>0 
LO LO CO CO CO O O CO CX> CD CD<: <C <C 



LOCOC^OOO^<tlcbcj>C^LLJl 
mmiXILUUJUJLlJLiJLiJUJUJUJUJl 
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CO <C COLLI i — LOLU<tlCDLUC7>CZ>LJLJ<CCDLU 

cr-mc^aDQCvjLO<CLU^«<LjJcoir-OLu 

CQCQOOOQOOOLIJLUL1JLLU.LLLL 
co co oo co co co co cd cd co co co m mm CO 


LLI 


co c — ■ — cnu_oJoc^cy)oa-<cDi>o)o 

CD CM OO CD CVI LO -< LU OD UJ CO C-~ O LU 
CD COO O O QOOQUJLUUJLuLLlJLLL 
CO CD CO CO CD CO CO CO CO CO CD CO CO CO CO CD 




r-LOLUO)OCO<lOIJL<Ol>0)mUJ< 
C- CD LU CO CD «— LO <C O CD LU CO IT- CD LU 
CDDQCQUUQQOQLULUUJLLLLILIL 
CD CO CO CD CO CO CD CO CO CO CO CD CO OO CO CO 


O 


LU CVI CD CD <C CO OJ Q <XL LD LL. CVJ CD 
LO CD LL tT- CD r— LO <C O 05 UJ CVJ CD LU 
CO CD COO O OOOOLLiUJLULLLLLLLL 
CO CD CO CD CD CO CO CO CD CD CD CO CD CO CO CO 


CD 


CDLLIOCOD-. — LOCO^LOC^CVJQLJJO>Lr> 
LO <CU_ C^-CO. — LOOQxfCDUJOJCDmLL 
ODCDCDUOQOOQLUUJLULLLLLLlJL 
CO CO CD CD CO CD CD CD CO CO CO CD CO COCO CO 




0)CDLLi — LOLUCVJCOC^CVILOCO^DOLUCVI 
LO <C LU IT- CD LL LO 05 Q CD Q CVJ CD <C LU 
CD CD CD O O O O Q LU LU UJ LU LU LL. LL. 
CD CO CO CO CD CO CO CD GO CD CD CO CD CD CO m 


CO 


LL CDOrOCVJCDLU * — LO CO CVJ CO C^CDQUJ 
^<^miOCDLL^CDC3CVJO>QCVJCD<^:UJ 
CQCDCQUOOQDQLUUJliJU.LLLLLL 
CO CD CD CD CO CD CD CO CO CO CO CO CO CO CD CO 


CD 


Q LU -<C CD LU CD CO LU CVI CO LU - — LDLL^CD 
^OTLULO^CLU^Cr^QCVJODQCVJLO-cCLU 
mCDCQUOUQQQLUUJUU-ULLLLL 
CD CD CO CD CD CO CD CO CD CO CD CD CD CO CO CO 


cr- 


<^QC^O)CDLLO)OLU« — CD LU CVI Q CT^ CO 
^OTmLO<tm^tT-OCVJOOCDCVJlO^<LU 
CDCQCDOOOQQQUJUJLULLLLLLLL 
CO CO CO CO CO CO CO DO CO CD DO CO CO CD CD CD 


CD 


I><mLLCDCiOD<CDLLO)OCD<lOLL 
CDUJ <£LUCO tr-OLU COCO — L0-<0 
CDCDCOOOODDQQLUUJLJ-ILLLIL 
CD CD CO CD COCO CO COCO CO CO CD CD COCO CD 


LO 


LOC^CVJCDLU<£mC^OTQCO<CCO[T^CVJO 
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CO CO COO OOOOOQLUUJLLLLLLLL 
CO CO CD CO CO CO CO CD CD CO CO CO CD CD CD CO 
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^-0)OTj-0)LiJCOC-CDLLr-CDr-inCF)0 
CD COCO O O O OOOOLUUJUL LULU LU 
CO CD CO CD CO CO CD CO CD CD CO CD CO CO CO CD 


CO 


CO CVI CO CT— LO LU CVI CD « — LO UJ CVI CO tr- 
C^CDQ^a)lJUOJC^cnLLC^COLLir)0)0 
mmmUOOQOQQlUUJLJJU-LLLL 
CO CO CO CO CO CD CO CD CD CO CD CO CO CD CO CO 


CVI 


CO LU * — Li) C CVI O LU \JJ uu LU CVI uXJ LU • — LO 
CVJCOO»^-0>UJCVICDCDLULODDLU^-0>Q 
CDCDCDUOOQQODIU11IL1JLLLLLL 
CO CD CD CD CO CO CD CO CO CD CO CD CO CO CD CD 




«— CD LU CVJ LO CD <£ DO LU CVJ CD LU CD CD LU CVJ 
CVI CO CD CD O CVI CD <t LU lO -< LU ^ O 
CDCDCQOOOQDOOLULUUJU_LLLL 
CO CD CO CO CO CD CO CO CD CO CO CO CD CO CD CO 




LLa)QCOCMCQC^O)QUJO)CDLLCDOUJ 

LLCOCDcviCDQCvjcD<x:mir5<i:LU^rir-o 

<CDmOOOQOOOLULULULLULLL 
CT)C^mODmmCDmcOCDCDCOCOCDCOCD 
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^ ^ S i±? iif ^ ™ <vi <*> 

m ^^<^c^cvJc£to&> 

^ ^ ^ ^ 00 Q <C UJCO CO U_ LU 
^^SRb!f UJLLJL, - U - U - U C\JC\JCVJCO 

^C-OC\JCDOOC\JLO<f LUrOC\JI-» i i m l 
lV > £^QUJUJl±Ju_ Ll_ U_U_ — CVJ CVJ CM CO 

'^LxJ^ I a b_o>^cO<ii>u.LJ t YiLi:T--X- 

S^RS^ 1 " 1 -"- 1 - U - U - — CVJCVJCVJCO 



CT5 



II 

o 



l^<V]cB t^U>LiJc\K l Ol--Li.SlSc»l- 

L"^^^2^ mLLU - U CNJCVJCVJCO 



^Q^h^o^c^M ^n.n 



— =■ ■ ^ ^ ^— : ^* ^TULJ 
CX)QUJCOa!)LLO)CluJcO 
CD |c_.OJCD<LUir)<UJ^>OcO 
p^QOQlULULiJLLLLLLO 

CVJ LO <C LU LJJ CO CT- O U_ 



CMir)<Lu^-o)Ujroi>ou. 

QQQQLULLILUH ii n 1 1 



lo co <t od! 
— load 
CVJ CVJ c\j col 
QLOiOQl 

LOOOO 
CXJOJCVJCO 



co( LJ " M — u)<Q^-Q)LiJrr)^m|| 
OQCiQOmLlJUJLLLLLJLLL 



OLOOOO 
' — CVJ CVJ CO 

COU_CVj^ 

ocoooo 

CVJ CVJ CO 



i**LjJcvjcofr-tsju*co<iLLltCj^is~cfl 

OOQQOLUUJUJli.LLLLU.r-c\JOUrr, 
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LL. 


LO 1 i 1 "^t* c*n Li J m C\J r o i i m oo ro 1 1 r\ ■ ■ ■ 

^^^ioix>iocotr-ir-tr-oocoo>0)a>cr> 
QQQOQLnQLOLnoinQtOLninLn 


LU 


<mLL<OL^LUO)OLUO)OCO<ir>U_ 
LO ■<I* tit <Ti OJ rr\ on on . ■ r> — -r* ^— v 

^^^ix>LOiococr-tr-c^ooooo>o>o>05 
LninruninoLOor>ix)OLf)tnr\rMn 




OJ <C lO CD LL- <C CD CO -< co tr- C\J o 
LO <d" *^t- cd i i i o^ i rn /-"n r*-<^ mn . i <o «--r" y— n 

^^^LOix>Lococ^cr^cr-aDcoo5o>ro 

OQlOQQinm^intooQininift^ 


CJ> 


LOco^LOtr^c>JCDQir^o>cocr-. — loco -<£ 

LO CD Ch '^t CD 1 1 1 CD « — CO co « in cn 

^^^inLr>tOCDl>L>L>0000 0)0)0)05 


GO 


C^COC^CXILOCOLL.<:LOLL.t-- LO LU OJ CO 

i* / \~fJ l ,. .1 LJv £ — J *JL/ ■ LLV L^ UJ LL- LO CD f» 

•^f ^ ^ LO lo to co tr- c- co co oo o> o> cj> 
QinLnnmntnr^inioinppinpo 


<c 


LU i — LO CO CM CO O IT- OJ OUJCMCOUJi — LO 
C!T^ C\J CT> or*) ■ ■ fn r ^ i r"* oo i ■ ~-»- 

inQQLOLOLOQLOQQQlOQniOLO 


CD 


CDLL-CVJCOLUf — <f inco<f mnirnmn <vi 

^^^LOLOLOCOLr^Lr^LT^GOCOCOOT 
LOjDlOLnOOlOOLOLnQOLOOLOq 


GO 


OOLUi — mij,L^cvJCD[>mcQLLrnr\iH 

•^t- r*- C D OJ OO CO OO • — to Min -erf" I i I -«rt- r-^ t ^ 
OIOOOOIDOLOLOOIOOOLOOLO 




m<CQLLO}OLOLLli — LOLL.O>lZjL1J<CCO 

v ' » > 1 VAJ 111 LU \ J LL J v ) "vj 1,11 L J l. v J 

^^^^LOLOCOl^l^L^COCO00ODO5CT) 

QOQinLnrMDQOLOOinLOioinLn 


CO 


cd <j>c^ co^tx>mu^oJc^Li_^mcr-CD 

v ^ U V— 9 LL.. L I 1 1 LJ L T V L.J Ljy 1 1 1 L ¥ J L^ C J 

^^^^LOlOCDC^l^IT"C0COCOO5O)O5 

OLnir)oi^inuooLOOinLnnionrN 


LO 


CD LO LU <C CO D- CO O} lCjCO<ClCjC^CjDLOLU 
CO C^* co 1 1 C"— m ^t* c^i co -*rf -^t* on i i t oo r**^ oo 

TfTtTfTfiOLOCOL^>C^CO00C0O)O)O> 

inoiou^ir)OLO^pioooLo^«n/^ 




LL-OJODCr^. — LOI^CO^COl^^LOU-CXJCO 
C\J Cr~~ oo i i r*— » oo i i i 1 1 oo ««-r* -^-t- ct> i ■ i ov i ^-oi 

■v b wfcj ii. i_ III li Li Lil J L * j ^-~L \JfJ 111 L VI L ^ r 1 

^ to to lo co tr- tr* co oo oo cd oocx> 
oiotnooinLomLnioininrMnp^ 


co 


Q LU OD LO LU OJ CO CO C- r— LO CMOIDO) 
OJ CO CD UU LO CD LL. » 1 ICO <£ ^ CD LUOJ CO CD 
^t* ^^^IOlOLOCOI>l^COCOOOOOjO) 
LODOLniOQlOLOOnorMnoinin 


OJ 


<C CDLL- OJCOLU CD LOLUOJLOCO <CCOLL. 
OJCO<t[LJ^LO<CLJ-LUCOL^^CjDQ 

OOLnoLnLOooLnmininoinLnp 




l^OTOLUO^lT>U_COOJCOCOC^ 

cxico<i:lulo<clucdcoc^ljl-Cj^ 

^ -cj- -c^ ^ LO LO LO CO L^- tT- OO CO OO CD CD 
i)LOOlOOLOLOinQiniODQOOLO 


CD 


r)LL<CQLLO)OCOLUO)COUJi — LOU_< 
C\)LO<LU^<mmC\JC-LLCDOCV]LO< 
^^^^LOLOLOCOl^l^l^OOOOOTOT 

^iOLOLOioooi^ur)oir)ir)Lf)LOoo 


7 
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II 

O 





^tO)LUCOOOU-LiJCO<r-m<0^0) 
«<CDCDCDCQODQLULiiLUUJLLLL 


UJ 


<«COmCDCDOQQLUUJLlJUJtLLL 




05 LU CVJ F- CO LL CD CO C- LL LO OD Q ^ CT 
<«CDCDCDCQOClOOUJLiJUJLJLU_ 


o 


lOC-CMQUJcoinroLiJocoLUi — locooj 

^■OLUCJCDODU-CDOJ^LL^CDCiCJGD 
«<mmCDCDOCJOQLULiJLiJlLlL 
LDlDQLOClOLOLOLOQLOinClQLOtr) 


CD 


<NJI^^^a5Lj><\J^a5u_^^LL(NJc^uJ 

^ 0> Q C\J CO LU CD CO CO LL ^ CVJ GO 
«<fnmCQCQOQQQUJUJIUlLlL 
QQlOPiQlCQQlOlOQlOQlOinQ 


<c 


Cd)<Nc^t^OD^UJLUCD^LlJCTC^LU^-0Q 

cvj o> o cvi co -<c lu a> cvj co to ^ o- o cm oo 

«<mcOCDaDOQQQlllUJUJLLLL 
iniOLOlOLOQLOlODCilOOUnQOO 


CD 


COLXJi — LOLL<OOCDLL<CQLU<mLLO) 
CVJ CO O CVJ LO <C UJ CD CO d CO tT- O U- CO 

«<mmmcDQQQQLUuJnmjLL 

LOOOOLOLOlOLOOlOLOOOQinLO 


GO 


T-CQLLC\JOt>0)0)QOO)Cri[>0)OCD 
CVJ CO ao CVJ LO LU CX> CO o CO tr- o LL 
«<CDCDODCDOQOOUJLJLIUJUJIJL 
QOlOmQQQQlOQQQlOljnOlO 




LLO>0<£)^LftLLLU<i:LOLLOTl^>LjJ^rt 
LL CO CO * — lO<QO)r-CDOCOl>CDUL> 
0)<<0DCQCDCDOQCiOLlJLLlLULULL 
QLOOOLOLOQIOOLOLOI^OLOLOLjO 


CO 


OCD<COC-NQOI>OJQLLCVmi>T- 
LLC^CDr-ir)<OCQT-CDOCMC-OQtLO 
0)<<mmCDC0OQQQUJlUUJIIIll 
lOlOLOOODlOQinODOlOlOOD 


LO 


^ b- — lo co <£ <d 10 to ^ lu o> lo uJ 

LL C — CQ « — LOO)(2lOO. — LOOCVCDCDLLin 
0)«mCQCQCDODDOLULiJlUUJLL 
OlOQLOlOlOQlDDLOLOLOCiClljOin 




t- — lo lu cvJ co b- <\J co co ll cvj oo 

U-OCDLLtr)0)QG0i-mOCVJCD<LLin 

o)«<mcr>moQQQLULULiJiim. 

bnOlOlOQlOLOQlOlOOOQLOQLO 


CO 


LOLUCVJCOLU. — LOLOLU « — LOOO)QLUOD 
LLLOCDLL^O)QOOOinOCVJCD<UJLO 
0)«<CDflQCDOOOOLULUUJLULL 
OLOOIOLOOQIOOOIOLOLOOLOO 


CVJ 


CVJ m LU CJ) m LL CVJ CD CD Li. CVJ LO LL <C CD LL 
LLin<LL^fC^O^OCOOCMLO<UJTf 
0)<«CDa3CDOOOOLiJUJUJUJLL 
LO LO LO LO £^ LO LO LO LO LO LO LO 




mCDODLi-0)QLLJrr)0)OCDC\JQl>0)0 
UJLO<^LJJ^D^O^C=>CO-<CVJLO-<UJ^ 
0)<«mCDCDOQQQLiJLiJliJLiJLL 
QQir)lOQl^Qlf)lf)QLOLOQQQQ 


CD 


mLLO)QLiJ<:ciiLLto<:rt(£)<:LOLL<: 
LUTt<LiJCOOOLLLUCQ<r-lf)<0-t 
0)<«CDmCCCQOQQlULiJLlJlULL 
QLOQQOOOLOLOLOlf)QLOLOOLO 


/ 


Oi — CMC0xtL0(DOC30 05<mOOLULL 
CVJ CVJ CVJ CVJ CVJ CVJ CVJ CVJ CVJ CVJ CVJ CVJ CVJ CVJ CVJ CVJ 
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LL- 


LOU.<CDLLO)OCOLlJOCOCO--lOOt> 
LUIX / LU *<<. LLJ CM LT"- LL. C-J LO C_-> GO Qj 
U-OOCOCOOOOXCDCQCDOLJJLULLO 
IQ <Q fp CO <Q i i 1 1 i t f fQ t i 1 f Q CO ' » * CO i i 1 1 i 


UU 


CVJQOCDQLL<r-CDLL»-COU-C\J<in 

LLJ LL } ^o. 1— Li UJ LLI LLJ V VI LA— LV >■ J LV VW \JJ 

ILCOCOCOO)0)0)<CDCDCDQlUUJLLO 
Q LU LU LJJ UJ LU CO LU CO CO LU CO CO LU CO t> 


o 


<D<Lf>UL<Or-LUO)OUJCDQ(Dl>CVJ 

UJ LLJ L — J kJJ LU vJJ v>J VL/ L — J LLJ v ^--L L/? 

LLC0C000 0)0)0)<CDCDCDOLLJlUILO 
tnCDCDUJCOCDLlJCOLULUCOCOLLlCOLULL 


o 


CQl>CVJOl><ir)CDU-<CDC r 5<COinLlJ 

/■""N 1 r"N — !*f" *»~"\ ^rfr- n> I i 1 <T*» _ f r** f -<r'f Ort CO 
f J LL y ^L» « i ^sl \JJ 1 1 1 V_J J r VJkJ ' » V k * V ' LA./ 

LL. CD CO CD Oj CD CjD <C CD CD CD QUJUJlLO 
LO LU UJ CO UJ LU CO CO LU CO CO CO CO CO CO 


CD 


LjUU U)Q ^0)LUO) CDQvDC^ -<L. OU 
LL. CO CO CO CD 0> 0> CD CD CD Q UJ LU LL. O 
Q CO CO UJ CO CO LU LU CO UJ LU LU UJ LU CO 


<c 


U_ CM CO CT- CM LO CO LL <£ LO LL. CO LO LU CO CD 
Clj LO O) O^OQCO »— CDCJCDCj Lr**^r CD 

LLcocoooo>a>c^<mmmouJUJU.o 

LO LU CO CO LU UJ CO CO LU COCO CO CO CO COLL. 


CD 
CO 


Q LU — LO CO CM CO C- CM Q CO CM CD CO CO 

LU CD t— J CM CJJ 1 t_j CO < CO C^j COCO LT"" LL. LLJ 

LL. CO CO CO CX> Oj> 0> -< GO CD CD CO LU UJ LU LL. 
Q CO UJ UJ CO CO CO LU CO LU LU CO LU CO CO CO 


<mu-C^CQLU^-<Ln<D<--LUO)CQCQ 
fo ^rt* r*^- rvi en on . iof ^ ro c\a r~-* 1 1 1 1 1 
LLCD0OC0O)O)O5<CDCDmQLUUJUJLL 
LO CO LU CO CO LU UJ CO LU CO CO LU CO LU CO CO 




O OUJ — CO LL. CM CO UJCT3 LL.*— i— 
to p-* c r\j co m co ■— in c ^ CM co 1 1 1 1 1 
LL. CO CO CO O) 0> CO "<C CD CD CD LU LU UJ LL- 
LJJ CO UJ UJ UJ CO LU CO CO UJ CO CO CO UJ UJ 


CO 


inuj<criLLcy)OLOLjji — LoaacDtCjUJco 

LJ-J LL— L L^l LL— LAJ LU UJ V— J LL / V«— / ™ L VJ LLJ L J L L I 

LL- LL- CO CO CO CJ> CD OQ CD CD O UJ LU LU LL. 
LOLOLULUCOCOLUCOLULUCOCOLULUCOCO 


LO 


C\Jmt>CT)QCO<CDmLLCVO)LL<CDCO 

LLJ Li— L s»J LX— L 111 V — / V. 1 «J L— J » « vkj f . 1 LLJ 

ij-u_oo<x)coo)0)<LijmQaoijJLUL^ 

QLnCDCOUJCDCDCDLLl CO UJ LULU CO CO CO 




UJCDlOUJ<COC*-COO)OCDLLOI>0)r- 

^L> 1 1 ii L L L 1 LL. L> LXJ ^ v — ' V* ^ ^«L. ^ - ^ • V*^ ( » h JLJ 

U.LL0OCQCPg3O)<QjCQCPni UUJLULL. 
ijr^QLUCOCOCOLUCOCOLUCOCOCOLUUJUJ 


CO 


CD LL. CM CD C*^ i — li^mCD<COO<LOLLUJ 
^r* i i } r-^> m 1 1 r-^ m 1 1 1 1 1 co <r" CZ) i — CO CJ5 o> 
u.u.co©<x)0)0)0)<mffiQUjmijJLL 

LO LO CO CO U 1 LU CO CO CO CO CO UJ LU CO CO CO 


CM 


0)OUJCDLnLUC>jLuCOC-«-.<r-CV)LjCD 
LU CO CD LL. CO COLL LUCQ<0« — CO O 0> 
LL- LL. CO CO OO CO <J> CD -< CD CD fcCi LUUJLULJU 
r^r^i^LUCOCOLUCOCOLULUCOCOUJUJCO 




UL<QjLLC\JmiJJO0^LOLlJ(DLnCD<O) 
CJDUJCO<CLULO<CL1-UJCOC-^CO« — LOO CD 
LL. LL. OO CO OO CO CD O <! CD CD O UJ LULULL 
LO LU CO UJ CO CO LU LU CO CO CO UJ CO COLLI 


O 


C2i ODlC^UJ 0> CO LL. CO CM CD CO CM CO LT- LL- 

comCD<ujLn<Ljnooro[>LLi — looco 

U^U_COCOaDOTOTCD<t:CQLjOm 
LO^COmCOl-JJCOCOCOUJCOCOCOCOLUCO 


/ 


CD * — C^CO^inCDI>OOa5<CQOQUJLL 
CO CO CO CO CO CO CO COCO CO CO CO CO CO CO CO 
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II 



CD 



UL 


C\JQLUO)IDUJC\ICDLU» — IDlOLUi — LO C- 
u_i v mvl/ujll. U/ujLL OD ii CO LO CVI 

"Of— - — t — i — cviojoJcoroco^Motoioco 
c-* u_ tr- ul c— ll ll u_ ll ll tr- 1>- 


LL 


CO <C CD LL CVJ m LU CD GO LL OJ CO OD LL. CO LO 
1 1 — ' v ^ ^**>. J ul. c*- c-j f j CO Cj> OJ 
01 — « — ■ — ' — OJCVICVJCOCOCO^IOLOLOCO 
LL. LL CT- C— LL LL t> tr- LL C*- LLLL 




C^t>C»QmO)CQLLO)QUJCOO)QCOOJ 
1 — J >J -<=u LJ_J Li) LU iT— CQ-<C OJ 

O* — * — « — * — ouojcvjcococo^lololoco 
llllllc^llll t>- t-^LLtr-LLO-c^n r—r- 


O 


*— LO LL CD LL 05 Q LlI CD LL CO <£ CO <S 

0< — ■ — « — ' — OJOJCVJCOCOCOCO^LOLOCO 
LL LL LL LL LL LL LL LL CT- tT- tT- LL 


CO 


LLC\JO£>CnOLL<;CDOCT)Orot>, — CO 
LJ - J v \j Li ^ LU ^4 OvLLICv C^* L? \ 1 1 > CO "<XL *~ 

Of— « — « — ' — ojojojcocococo^loloco 
llll tr- tr- tr-LL ll ct-ll tr- tr-LL c-llllll 


<c 


Q CO <C LO LL d LO LlJ ^- LO LlJ 

CD' — LO «<!Q ^ CT> LLJ CO E^mi 1 t I imr — , 

0r - ' — ' — ' — CVJCVJCVJCOCOCOCO^LOLOCO 
l^l^lLlLC-l-l^U.l^U.l^C^LLl^l^l^ 




<i. co cvi ess t- <t urt Ll cO ah 1£> ^iaScET 

□Di — LO<Q^f Q)UJ(\J[>CDLJ-QQrr)r^l i 
Of— t— t— i — OJOJCVlCOCOCOCO-^LOLOLO 

j_ tr- cr- cr- li. ll ll ll tr- ll ll t-c- 


CO 


^ — to co ^ lo cvJ q lu o> to co -<T57co 

LJ - J ^ ' L/y C_j LLJ CVJ CO GO LL C\J C^" 1 I 

o« — 1 — »— • — cvjcvjcvjcocococo^-loioio 

LL. LL LL LL LL LL t^- tr-tT-LLtr- 




IX> WC\JCT}C^OJIOCO<CCQLLC\J. — OJLL- 

■-■-» li ■* u; l — j uj CVJ CO •<!. 1 1 , rn CVI 1 1 , 
O O t— »— t— OJ OJ OJ CO CO CO CO LO 10 to 
LL LL LL LL LL LL LL LL O- LL LLt-tT^LL 


CO 


cvj^LU. — LOcocvjcot>o)QLiJLLirnr>>il'i 

L - LJ ^ £ — j v. vi <jj c__j CVJ CO LLI OJ CO 
OOr-i — i — CNI CVJ CVJ CO CO CO CO LO LO LO 
L^U-LLL^CT^L^L^L^L^Cr^LLL^L^M II 


LO 


m<^mLLojcnmr-LnijL<:mmiL<;cn 

^* t — j k vj uj c_j CVJ LO -<^. i t 1 0) « — CO 
OOi — i — * — OJCVICVJCOCOCOCO^-LOIOLO 
^^LLL^LLL^LJ_LJ_LLu^L^r^r--u. 




mu.o>oUr-mLLoJQt^OTCD^t^ , 55 

O O f— r— — CvJ OJ CM CO CO CO CO ^ LO lO LO 
XLLI>LL[>LLU-[>E>LI U H It r — \y i i 


CO 


OTQUJ<;mLLC^Clto<:LOLLLL<:iOLL 

x ^ u ix. wj tiJ *^ U; ^ CD r— CO 
OOi — « — f — i — OJCVJCOCOCOCO^-LOIOIO 
C*^* C** C""* C LL C^-LL LL C^* tT^-LL C^*LL C** C — 


™\ 

I 


-L. <C OD 0> CO <C CO OJ tCS oJ czi 
[7n 1 1 1 co r *i 1 1 r*-^ rti i ^ 

—*+ 1 ' v u ll. L. IXJ I IX J *<4^ r ^> 17 f r Ct J c _ J 

— ' — « — ' — OJOJCOCOCOCO^LOLOLO 
LL LL LL IT- CT- LL LL LL LLO-LLLL 


t 
i 

L 


^ CD LO LU <C CO LO CO <C <C LOCCT<T 
3>LjJCOtr-ODLLC^CD. — lOOQCOi — LOO 
ZDOi — '% — t — 1 — OJ OJ CO CO CO CO LO LO LO 
J_ LL C-LL Ll- LL t> O LLtr-LLir- t?- 


°: 


<tLOLLCvjm[r-, — LOLUcOcotr-b-oJcob- 

XmC\JC^Lt)LLC>QQLLLnC7)L^COi — LOO 
30» — * — 1 — 1 — CVJCVJCVJCOCOCO^-LOLOLO 
LLC*- LLLL t^U-C^C^LLL^Lr-U^tr-tr^t 1 




Jr-CVC^^LDCD[>COCD<CDOQLULL 
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lu 


0)QUJO)CDLi.COOCDt><CDLLC\JCDLJJ 
CO <c IXI IT) <C LU CD CQ <C CO OJ CO <c U- IT) <c 
CO CO CO tT- OC^O)<<CDOO O O Q 

LU LU tr- lu tr- LU lu lu lu 


UJ 


U_<CDLl.CT>ncO<rOir)00)CiLiJO)CD 
LO LU <C UJ CO CO CO C\J CO <£ UJ lO << 
COCOCDC^C^C^O)«CQOOOOOO 
tT^ C"^ C""* UL. LU C""*- C** C*- C"^ Cr**" LL C"^ UL. C"* 




QC^O)QUL<« — ■ — CDLOUL<mU_0) 

lo<clu^ct>wcoco<c^c^io<clju^-< 

CDC0CDt^Ot>0)<<0DOOOOOO 
U_LLU-IJ-U-C>Li.LLU-D-U.l>l>C>l>LL 


o 


<l0U-<OC^CDir)LUC0CMOl>0)OLL 

lo «< q ^ 03 uj co co tr- cvj lo <c lu cd 

CO CO CO C"* c-~ IT- OD <c CO o O O O QQ 

tr- ll. tr- ll. tr- c-- lu ll. lu lu lu 


CD 


OCVJOt-<ir)OOOJCDCDCD<LOLL<0 
IT) <C 0> ^ CD UJ CO CO CT- LL. UJ LO <C O ^ <J> 
CDCDCDOC^C^O)«<COOOOQO 
LL.U-C^LL.LUCT^C^I^tr^C^tr*D-C^LUC^t^ 


<c 


LOCO-<lO tT-OJ ■ — LUCDCOCOC^-CVICiC^-< 
LO <y>CZ5 ^OJLUCOOJC — LUUJLO -<^^^^"05 
CO coco cr^ C^* 05 <C <C OQ o O O 

tr- ir- lu cr- lu li_ cr- lu tr^ tr- lu ll. tr- lulu 


CD 


OJ CO OJ LO CO UJ CD LU i— — LO CO <C LO 
LO 0)0^t 0)Q OJ CO LU LU LO CD Q ^ CD 
CDCDCOOt>t>OD<<<CDOOOOO 
LU C"— C*"— LU LU C"- t*- C"-- C"*»LLLL D"- C — LU C""- C*- 


CO 


LU i — LO CO OJ CO CD 0>OLU CO OJ CO C—OJLO 
^■OOCNJCDO^-OJCDOQQIDOO^O) 
CO CO CO C ET^ CD <C <<CDO O OQO 
LU LU LU LU lu tr- tT- LU lu 




CDLUOJCOLUi — LOLU<CCOOOLU«— LOCOOJ 

CO CO CO C^" C^* CT"* OD •<£. <£_ •<£. CD UJ CO U? Qlj 
C^LUt^-C^LULULULuC^tr-C^t^LULUD-ir- 


CO 


CDQLUi — CDLLLi-Ot>CD. — CQLLCMCOLU 
CDCDCDO>l>0)<<<CDOO OCDCD 

Lur-LULuLucr^cr-c^ij^Luu-cr^Lucr^c^Lu 


LO 


LU<CDULO)00<ir)U-LLJ050UJ. — CD 
COOOLLOOCOOi-CDOO^fC^OOJCX) 
CO CO CO CO C""* C^* OD <C <<CDO CD ODD 
LU LULU C""* OLLU.LL C""* C*"* C"**LU C"- U-lLLL 




CDCr-CT>QCO^<Cir^OJQCI)LU<<CDLUOT 
COIT-OLLCr-CQOi — cooococ-ollco 
co co coco cr^ cr^ ro <c <C <ac cd o o o O c— i 
Luc^c^Luc^c^cr^cr-LuiJ_c^LULULucr-cr- 


CO 


od ir> uj <: co c-* co lo co <c o> cd o cd q co 

COt>CQLLt>CDCOr-LnOO)CQC>OLL[> 

co co co co c** cr^-co <c <<coo o o o Q 

C^U-C^I>l>IJ-C>U^C^C-LLLLt>C-LLC> 


OJ 


LUCVJCDC—i — LOUJOJCOC^LUCDLOUJ-<CO 
CVJC^CDLUC^CQLU- — LOCOOOCOCT-COLUtr- 
CD CO CO CO cr^ tr^* C -<I. <I. <L OJ C_P U} c_? C_J U. i 
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